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ABSTRACT 
 
Full Name : Ameen Mabrook Bin Mohanna 
Thesis Title : Challenges Affecting the Implementation of Building Management 
Systems in Office Buildings 
Major Field : Architectural Engineering 
Date of Degree : [May, 2013] 
 
The objectives of this thesis were, 1)- to investigate and evaluate the challenges that 
influence the successful implementation of building management system (BMS) during 
the design, installation and operation and maintenance stages of projects, 2)- to utilize the 
methodology of the Group Analytic Hierarchy Process (G-AHP) model for developing a 
conceptual model for prioritizing the influential challenges that impact the successful 
implementation of BMS, 3)- to carry out case studies to validate the problems that face 
achieving full potential of BMS, and 4)- to develop a plan of action to facilitate the 
identified challenges. Thirty-two challenges which influence the process of implementing 
the BMS were identified. These challenges were evaluated through distributing a five 
likert questionnaire survey to A/E, construction firms and facility managers form the 
Eastern Province of Saudi Arabia. (G-AHP) model was utilized to prioritize the identified 
32 challenges through reflecting the opinion of six experts in BMS. Eight case studies in 
the Eastern Province were conducted to validate the developed model. Finally, literature 
review and interviews were carried out to develop a proposed plan of actions to facilitate 
the identified challenges. This study has the potential to increase awareness among 
buildings owners and people in the building industry in Saudi Arabia about the 
challenges that influence the successful implementation of the BMS during the life cycle 
of office building projects.           
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 أﻣﯿﻦ ﻣﺒﺮوك ﺑﻦ ﻣﮭﻨﺎ :اﻻﺳم اﻟﻛﺎﻣل
 
 ﻓﻲ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ SMB()اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ ﺗﻄﺒﯿﻖ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ  :ﻋﻧوان اﻟرﺳﺎﻟﺔ
 
 ﺎرﯾﺔــــــــــــــــــھﻨﺪﺳﺔ ﻣﻌﻤ :اﻟﺗﺧﺻص
 
 ھــــ٤۳٤۱رﺟﺐ  :ﺗﺎرﯾﺦ اﻟدرﺟﺔ اﻟﻌﻠﻣﯾﺔ
 
 اﻟﻤﺒﺎﻧﻲ إدارة ﻟﻤﻨﻈﻮﻣﺔ اﻻﻣﺜﻞ اﻟﺘﻄﺒﯿﻖ ﻋﻠﻰ ﺗﺆﺛﺮ اﻟﺘﻲ اﻟﻤﻌﻮﻗﺎت وﺗﻘﯿﯿﻢ ﺗﺤﺪﯾﺪ -۱ﺗﻀﻤﻦ اﻷطﺮوﺣﺔ هھﺬ إن أھﺪاف
 اﻟﺘﺴﻠﺴﻞ ﻣﻨﮭﺠﯿﺔ ﻣﻦ اﻻﺳﺘﻔﺎدة -۲ﻟﻤﺸﺎرﯾﻊ اﻟﻤﺒﺎﻧﻲ، وﺻﯿﺎﻧﺔ واﻟﺘﺸﻐﯿﻞ اﻟﺘﺮﻛﯿﺐ، اﻟﺘﺼﻤﯿﻢ ﻣﺮاﺣﻞ ﺧﻼل  )SMB(
 ﻋﻠﻰ ﺗﺆﺛﺮ اﻟﺘﻲ اﻟﻤﻌﻮﻗﺎت ﻮﯾﺎتﻟﺘﺤﺪﯾﺪ وزن وأوﻟ ﻧﻈﺮي ﻧﻤﻮذج ﻟﺘﻄﻮﯾﺮ G(- )PHAاﻟﻤﺠﻤﻮﻋﻲ اﻟﺘﺤﻠﯿﻠﯿﻲ اﻟﮭﺮﻣﻲ
 ﻟﻠﺤﺪ ﻣﻦ ﻋﻤﻞ ﺧﻄﺔ ووﺿﻊ -٤، اﻟﻨﻤﻮذج اﻟﻤﻄﻮر ﺻﺤﺔ ﻣﻦ ﻟﻠﺘﺤﻘﻖ اﻟﺤﺎﻟﺔ دراﺳﮫ ﺗﻨﻔﯿﺬ -۳،)SMB(ﻟـ  اﻻﻣﺜﻞ اﻟﺘﻄﺒﯿﻖ
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1 CHAPTER 1 
INTRODUCTION 
1.1 Background 
Over the last decades, the construction industry has witnessed substantial progress in the 
adoption of new technologies in the development of buildings. The adoption of these 
technologies led to create a new concept in construction industry called ' Intelligent 
buildings'. Intelligent buildings combine innovation and systems with skillful 
management to maximize the return on investment (Clements-Croome, 2004). Intelligent 
building systems are mainly managed and controlled though one single system which is 
called Building Management System (BMS). Building management systems (also known 
as Buildings Automation Systems, (BAS) are one of the vital intelligent building systems 
(Wang, 2010). 
a building management system comprises of various subsystems which are connected in 
several ways to form an integrated system. With the development of the modern 
computer in the 1940s, BMS witnessed its beginning in the late 1960s. Nowadays, 
advances in technology have reduced the cost of building management systems compared 
to the price of conventional (pneumatic and electric) control systems. Due to their ability 
in increasing efficiency in buildings management, building management systems would 
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seem to be an optimal choice for effective management for all types of buildings (Wang, 
2010).      
 The adoption of intelligent technologies in Saudi Arabia's buildings industry has 
gradually increased. The rapid construction boom and the competitive environment in 
Saudi Arabia are highly encouraging the buildings industry to integrate the intelligent 
building technology in commercial and multifunctional buildings. At present, the major 
implementation  of this technology is mostly reflected in large scale and high budgeted 
projects. However, intelligent buildings technology vendors and companies that service 
professional consultancy in this field are beginning to establish a stable market for this 
technology in KSA (Reffat, 2010b). 
 
1.2 Statement of the Problem 
State-of-art-buildings are not only unique in their architectural design only, but also by 
their functionality importance. The modern BMSs have offered clients, occupants and 
facilities managers a multitude of functional benefits. Some of these benefits include 
increasing the occupant's level of comfort and ensuring their safety, resolving operational 
problems quickly, improving the performance of the building and reducing energy and 
water consumption. 
The development in building management systems has witnessed rapid growth over the 
last 30 years. However, during the life cycle of the buildings projects there have been a 
set of issues that must be considered for achieving the optimal level of the BMS. Such 
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issues include, involvement of the client and end users in briefing process to determine 
the BMS performance requirement, proper selection of the supplier and the sub-
contractor to install the BMS and ensure appropriate initial and continued training for the 
BMS personnel (Ehrlich and Goldschmidt, 2008; Lowry, 2002).  Achieving optimal level 
of such issues will often lead to decreased BMS investment costs, more significantly 
appropriate design, installation and operation and maintenance.  
Nowadays, the building industry in Saudi Arabia is witnessing a growth in the application 
of BMS in various types of buildings projects especially in office buildings projects 
(Reffat, 2010b). However, the level of satisfaction with the performance of these systems 
is influenced by a number of challenges that could take place during the life cycle of 
building projects. Therefore, there is a need to identify and investigate these important 
challenges that influence the successful implementation of the BMS. 
1.3 Research Objectives 
The objectives of this research are as follows: 
• To investigate and evaluate the challenges that influence the successful 
implementation of BMS during the life cycle of office building projects.   
• To develop Group Analytic Hierarchy Process (G-AHP) model for prioritizing the 
influential challenges that impact the successful implementation of BMS during 
the life cycle of office building projects. 
• To carry out a series of case studies to validate the developed model. 
• To develop a plan of action to facilitate the identified challenges. 
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1.4 Scope and Limitations 
Based on the objectives of this study, the scope and limitations are as follow: 
• The questionnaire survey distribution and interviews zones were limited to the 
major cities in the Eastern Province of Saudi Arabia (namely Dammam, Khobar 
and Dhahran). 
• The questionnaire survey and interview participants were limited to building 
designers, facility mangers or BMS operators (owner representatives) and 
contractors. 
• Six BMS (two designers, two contractors, and two facility managers) experts in 
the Eastern Province were asked to weight the challenges by using Saaty's 1-9 
scale of pairwise comparison.   
• Eight office buildings equipped with BMS (that integrate at least four subsystems, 
which including HVAC systems, plumbing systems, lighting systems and security 
systems) in the Eastern Province of Saudi Arabia were studied to validate the 
developed model. 
• In this study, the influential challenges that impact the successful implementation 
of BMS were covered only during the  three stages of life cycle of the office 
buildings project (namely design, installation, and operation and maintenance 
stages).  
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1.5 Significance of the Study 
Unsuccessful implementation of building management systems can lead to a series of 
problems that have to be dealt with by the buildings' owners and managers. Therefore, 
the significance of the study stems from the following:  
• The study has the potential to increase the awareness within the building industry 
parties about the challenges that influence the successful implementation of the 
BMS during the design, installation, and operation and maintenance stages.   
• The study provides building designers, contractors, owners and managers with the 
most influential challenges influencing the successful implementation of BMS.  
• The findings of the study are directly relevant and applicable to intelligent 
buildings and green buildings in KSA. 
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1.6 Research Methodology 
The research methodology includes three main stages which are subdivided into phases 
and parts. The stages, phases and parts of the methodology pave the way to achieve the 
objectives of the study and are described as follows:  
 
1.6.1 Objective 1-Investigation and Evaluation of the Challenges Influencing 
the Successful Implementation of BMS during Design, Installation, 
Operation and Maintenance Stages 
 
The first objective of the research was achieved through the following phases as 
illustrated in Figure 1: 
1.6.1.1 Literature Review 
The purpose of this phase is to review the state-of-the-art literature in the field of BMS 
to: 
• Investigate the challenges that influence the successful implementation of BMS 
during design, Installation, operation and maintenance phases.  
1.6.1.2 Interviews 
In this phase, interviews were conducted with four selected samples of building 
designers, contractors, and facility mangers in the Eastern Province of Saudi Arabia to 
investigate the challenges that influence the successful implementation of BMS during 
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design, Installation, operation and maintenance. a list of the interview questions is shown 
in Appendix I. 
1.6.1.3 Evaluation of Identified Challenges 
In this phase, evaluation of the identified challenges that influence the successful 
implementation of BMS during design, installation, operation and maintenance phases 
was carried out. Questionnaire survey technique was conducted to evaluate the identified 
challenges and it consists of the following parts: 
• Part one: Development of the questionnaires survey.  
• Part two: Pilot-testing of the questionnaires survey.  
• Part three: Distribution of the questionnaires survey.  
• Part four: Analysis of the questionnaire's survey results.  
1.6.1.3.1 Part one: Development of the Questionnaires Survey 
Three different questionnaires surveys were developed, each one was filled out by either 
A/E firms (designers) or construction firms (contractors) or facility managers. The 
developed questionnaires survey of A/E and construction firms are composed of three 
main sections; the first section collects general information about the participants. In the 
second section respondents were asked to determine the office buildings equipped with 
BMS that they designed or constructed them .The third section of the questionnaire 
survey allows the participants to assign the degree of effect of each of the identified 
challenges by using a five point likert scale and also allows them to add any other 
challenges that are not included in the questionnaire survey. 
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The questionnaire survey of facility managers is composed of two main sections. The 
first section collects general information about the participants. The second section of the 
questionnaires survey allows the participants to assign the degree of effect of each of the 
identified challenges by using a five point likert scale and also allows them to add any 
other challenges that are not included in the questionnaires survey. Samples of 
questionnaire survey are shown in Appendix II.  
1.6.1.3.2 Part two: Pilot-Testing of the Questionnaires Survey.  
The developed questionnaire survey was pilot-tested with six samples of A/E firms 
(designers), construction firms (contractors) and facility managers in the Eastern 
Province of Saudi Arabia and the benefits of the Pilot-testing were:  
• Checking the adequacy of the survey's questions.   
• Determine locations of ambiguity in the survey. 
• Estimating the time needed to complete the survey. 
• Checking the level of editing the survey theme pages (space for 
answering, font's size  ...etc.). 
1.6.1.3.3 Part Three: Distribution of the Questionnaires Survey.  
Three cities of the Eastern province of Saudi Arabia were chosen to distribute the 
questionnaire survey, namely: Dammam, Khobar and Dhahran. The calculation of the 
questionnaire survey respondents' samples size were as follows: 
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I. A/E Firms Sample Size: 
The first sample of respondents that assessed the identified BMS design challenges 
consisted of A/E firms from Dammam, Khobar and Dhahran. A list of A/E firms was 
obtained from the Chamber of Commerce in the  Eastern province of Saudi Arabia. After 
determining the population size of A/E firms, the following equation (Kish, 1995) was 
used to calculate the sample size of A/E firms.   
no = (p*q)/v2…………….… (1.1) 
n = no/ [1+ (no/N)]………… (1.2) 
Where:  
no: First estimate of sample size 
p: The proportion of the characteristic being measured in the target population. 
q : Completion of p or 1-p. 
V: The maximum percentage of standard error allowed (10% for this study) 
N: The population size. 
n: The sample size. 
Note: To maximize the sample, both p and q are each set at 0.5. 
 
II. Construction Firms Sample Size: 
The second sample of respondents that assessed the identified BMS installation 
challenges consisted of construction firms Dammam, Khobar and Dhahran. A list of 
construction firms was obtained from the Chamber of Commerce in the Eastern province 
of Saudi Arabia. After determining the population size of construction firms, the 
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following equation (Kish, 1995) was used to calculate the sample size of construction 
firms.   
no = (p*q)/v2…………….… (1.3) 
n = no/ [1+ (no/N)]………… (1.4) 
Where:  
no: First estimate of sample size 
p: The proportion of the characteristic being measured in the target population. 
q : Completion of p or 1-p. 
V: The maximum percentage of standard error allowed (10% for this study) 
N: The population size. 
n: The sample size. 
Note: To maximize the sample, both p and q are each set at 0.5. 
 
III. Facility Mangers Sample Size: 
The third sample of respondents that assessed the identified BMS operation and 
maintenance challenges consisted of facility mangers of buildings equipped with BMS in 
Dammam, Khobar and Dhahran. 16 facility managers or BMS operators were included in 
this study to answer the five likert scale survey.   
1.6.1.3.4  Part four: Analysis of the Questionnaire's Survey Results.  
In this part, the questionnaire's survey results were statistically analyzed to calculate an 
important index that determines the level of effect of the challenges and  the variances 
among the participants' evaluation results. In order to calculate an important index the 
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following equation (Dominowski, 1980) was used to calculate an effect index, that reflect 
the level of effects of the identified challenges that influence the successful 
implementation of BMS during design, installation, operation and maintenance. 
Microsoft Excel was used to facilitate the process of applying this equation to 
all identified challenges.  
Importance index I = ∑ aixi
i=0
4
4∑xi
  × 100 % …………….… (1.5) 
 
Where: 
i = Response category index wherei= 0, 1, 2, 3, 4 
ai= Wight given to i response where i= 0, 1, 2, 3, 4 
xi = variable expressing the frequency of i is as illustrated in the following: 
x0 = frequency of “Extreme Effect” response corresponding to a0 = 4. 
x1 = frequency of “Strong Effect” response corresponding to a1 = 3. 
x2 = frequency of “Moderate effect” response corresponding to a2 = 2. 
x3= frequency of “Slight Effect” response corresponding to a3 = 1. 
x4 = frequency of “Does Not Effect” response corresponding to a4 = 0. 
The importance index of 0–<12.5% is categorized as ‘‘Does Not Effect; 12.5– 
<37.5% is categorized as ‘‘Slight Effect’’; 37.5–<62.5% is categorized as 
‘‘Moderate effect’’; 62.5–<87.5% is categorized as ‘‘Strong Effect; and 87.5–100% 
is categorized as ‘‘Extreme Effect’’ The categorizations reflect the scale of the 
respondents’ answers to the questionnaire. 
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The output of this stage was the influential challenges and sub-challenges that 
influence the successful implementation of BMS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Methodology Chart for Achieving the First Objective 
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1.6.2 Objective 2 -Developing A Group Analytic Hierarchy Process (G-AHP) 
Model for Prioritizing the Influential Challenges that Impact the 
Successful Implementation of BMS during the Design, Installation and 
Operation and Maintenance Stages 
 
The second objective of the study was achieved through the following two phases as 
illustrated in Figure 2: 
1.6.2.1 Structuring Hierarchy 
The purpose of this phase was to structure a hierarchy and arrange the influential 
challenges that were identified in the previous stage from top level (goal) to the 
intermediate levels (challenges) and the lowest level (sub-challenges). 
1.6.2.2 Pairwise Comparison  
In this phase, pairwise comparison method was used to develop a GAHP conceptual 
framework for prioritizing the influential challenges and sub-challenges that influence the 
successful implementation of BMS. In order to do this, pairwise comparison method 
consists of the following parts: 
• Part one: development of pairwise comparison matrixes survey.  
• Part two: Distribution of pairwise comparison matrixes survey.  
• Part three: analysis of pairwise comparison's survey results. 
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1.6.2.2.1 Part One: Development of Pairwise Comparison Matrixes 
Survey  
The developed pairwise comparison matrixes survey are composed of two main sections. 
The first section collects general information about the BMS experts .The second section 
of the comparison matrixes (four matrixes) survey allows the BMS experts to assign the 
degree of effect of each of the identified challenges in terms of which challenge or sub-
challenge dominates the other by using Saaty's 1-9 scale. Samples of the pairwise 
comparison matrixes questionnaires survey are shown in Appendix III. 
 
1.6.2.2.2 Part Two: Distribution of Pairwise Comparison Matrixes 
Survey.  
Six experts in BMS design, installation, and operation and maintenance in the Eastern 
province of Saudi Arabia were asked to assign the weights for each challenges and sub-
challenges with respect to upper levels by using Saaty's 1-9 scale. The determination of 
the questionnaire survey respondents (BMS experts) was based on questionnaires survey 
of the previous stage by selecting six respondents with largest number of years of 
experience.   
 
1.6.2.2.3 Part Three: Analysis of Pairwise Comparison's Survey Results.  
The analysis of the pairwise comparison's survey results lead in developing a (G-AHP) 
conceptual framework (model) for prioritizing the influential challenges and sub-
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challenges that influence  the successful implementation of BMS. The following steps 
were conducted to analyze the pairwise comparison's survey results: 
 
• Group-AHP  
The development of the GAHP conceptual framework for prioritizing the influential 
challenges and sub-challenges that influence the successful implementation of BMS 
requires the weights of each challenge and sub-challenge for each BMS expert to be 
calculated in a geometrical average (Anvari et al., 2011). The following geometrical 
average was used (Kazemi and Allahyari, 2010): 
Xij�∏ × ijIkI=1 �1 k�  …………….… (1.6) 
i, j = 1,2, … . , n, i ≠ j, I = 1,2,3, … , k 
 
Where I = Decision maker number, and  k = the number of decision maker 
The output of this step is used in the next step. 
 
• Calculation of the Consistency Ratio 
The consistency ratio mainly describes the degree of consistency with the judgments. The 
higher the consistency ratio, the lesser the consistency with the judgments, while the 
lower the consistency ratio, the higher the consistency of the collected judgments 
(Kazemi and Allahyari, 2010) . Several professional commercial software-s have been 
developed to estimate the consistency ratio, such as Super Decisions and Expert Choice. 
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In this study Expert Choice was used to calculate the consistency ratio and prioritize the 
influential challenges and sub-challenges that influence the successful implementation of 
BMS. 
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1.6.3 Objective 3-Carrying out a Series of Case Studies to Validate the 
Developed Model 
 
The third objective of this study was achieved through the following three phases as 
illustrated in Figure 3: 
1.6.3.1 Selecting Office Buildings Samples 
In this phase eight office buildings equipped with BMS in the Eastern Province of Saudi 
Arabia were selected. The basic prerequisite that must be met in BMS of the selected case 
studies is controlling or monitoring at least for subsystems.  
1.6.3.2 Conducting Interviews   
In this phase interviews were conducted with selected buildings owners, facility 
managers and BMS operators to identify and prioritize the challenges that occur in BMS 
operation and maintenance in their buildings. 
1.6.3.3 Validation of the Developed Model 
The purpose of this phase was to validate the developed model through comparing the 
identified challenges in the previous phase with the developed model of BMS operation 
and maintenance challenges in 1.6.2.2.3 phase. Spearman’s rank correlation coefficient 
(rs)  has been developed to determine and test the level of agreement between the ranking 
of both the model and case studies. The formula used to compute Spearman’s Rank is 
shown below (Bartz, 1976). 
2
2
6
1
( 1)S
d
r
n n
×
= −
−
∑
…………….… (1.7) 
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Where: d = the difference between variables, and n number of the variables. 
Interpret the Spearman’s rank correlation coefficient is described below (Bartz, 1976). 
For values of rs of 0.9 to 1, the correlation is "very strong"  
For values of rs between 0.7and 0.89, correlation is "strong"  
For values of rs between 0.5 and 0.69, correlation is "moderate"  
For values of rs between 0.3 and 0.49, correlation is "moderate to low" 
For values of  rs between 0.16 and 0.29, correlation is "weak to low"  
For values of rs below 0.16, correlation is "too low to be meaningful" 
A negative value of rs indicates a negative relationship. 
 
1.6.4 Objective 4-Developing a Plan of Action to Facilitate the Identified 
Challenges 
 
 The fourth objective of this study was achieved through the literature review and 
interviews as shown in Appendix I.  
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1.7 Thesis Organization 
The thesis is organized into six chapters to achieve the main objectives in accordance 
with the developed research methodology as follows: 
1.7.1 CHAPTER ONE: Introduction 
A general background information on building systems and the building management 
systems are provided in this chapter. It also includes a statement of the problem, the 
objectives of the study, its scope and limitations, significance of the study, research 
methodology and thesis organization. 
1.7.2 CHAPTER TWO: Literature Review 
This chapter reviews the literature related to BMS, the definitions, development, 
functions and benefits.  It also reviews the status of the intelligent buildings technologies 
in Saudi Arabia, decision making techniques and methods as well as international 
practice of building management systems implementation. 
1.7.3 CHAPTER THREE: Local Current Practices of BMS Implementation 
during the Life Cycle of the Office Buildings 
This chapter summarizes an inclusive coverage of local current practices of BMS 
implementation during the life cycle of the office buildings in Saudi Arabia. 
1.7.4 CHAPTER FOURE: Challenges Affecting the Implementation of BMS 
in Office Buildings 
This chapter summarizes an inclusive coverage of the challenges that affect the 
implementation of BMS in office buildings. 
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1.7.5 CHAPTER FIVE: Data Analysis 
This chapter provides an analysis of the data received for the five likert questionnaire 
survey, pairwise comparison questionnaire survey as well as case studies data. 
1.7.6 CHAPTER SIX: Recommended Plan of Action 
This chapter provides the proposed plan of action that aims to facilitate and enhance the 
successful implementation of BMS in office buildings in Saudi Arabia. The chapter also 
includes conclusions and summary of the study and recommendations for future studies. 
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2 CHAPTER 2 
LITERATURE REVIEW 
2.1 Buildings Management Systems (BMS) 
2.1.1 Definition of Buildings Management Systems 
Nowadays, the term intelligent building is getting more popular and this concept has 
generated a good deal of excitement during the last decade, much of which has 
subsequently dissipated once the limits and complexities of building intelligence were 
discovered. Typically, the intelligent building concept involves the implementation and 
use of advanced and integrated buildings technology systems  which are Building 
Management Systems (BMS), telecommunication systems, life safety systems, user 
systems and facility management system. 
Building Management Systems (BMS), (also known as Buildings Automation Systems, 
BAS) is one of the most important intelligent building systems because it comprises of 
various subsystems which are connected in several ways to create an integrated system. 
Here are some of the definitions of building management systems from a few selected 
sources.  
"Building Management Systems (BMS) (also called Automation or BAS) are used in 
buildings for automatic monitoring and control of services such as lighting, plumbing, 
fire services, heating and air conditioning systems. The term refers to a system that uses 
sensors, controls and activators. All these use an electronic digital processor to 
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implement control algorithms and have the capability of communicating with other 
controls. The BMS term covers all control elements, including hardware, controllers, any 
linking network and central controllers"(Mustafa and Bansal, 2002). 
"Building automation systems (BAS) is an umbrella terms (and is also Known as building 
management system, BMS). It is used to refer to a wide range of computerized buildings 
control systems, from special- purpose controllers, to standalone remote stations, to 
large systems including central computer stations and printers" (Wang, 2010).   
BMS is also defined as "a complex, multi-level, multi-objective, integrated, interrelated 
and complete intelligent design management information capable of assisting building 
design process from the inception phase through management and maintenance phases." 
(Cser et al., 1997). 
"A Building Automation Systems can be considered a tool in the hands of building 
operations personnel to provide more effective and efficient control over all building 
systems" (Wong and So, 1997). 
2.1.2 Development of Buildings Management Systems  
Traditionally, mechanical equipment has been used as building environment controls 
through pneumatic or electro-mechanical devices. More recently, due to rapid 
development of  Direct Digital Control (DDC)  technology and the use of 
microprocessor-based systems, building management systems are replacing the 
conventional controls and have become a major control systems. Nowadays, more and 
more buildings services systems have been introduced with built in control components 
(Wang, 2010). 
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The early beginning of BMS evolution can be traced back to the 1940s. The following 
stages represent the most important development in BMS evolution (Wang, 2010): 
• Centralized control and monitoring panel 
• Computerized centralized control and monitoring panel 
• BMS with data-gathering panel(DGP) based on minicomputer 
• Microprocessor-based BMS using LAN 
• Open BAS compatible with Internet/ intranet  
2.1.2.1 Centralized Control and Monitoring Panel 
In this stage (also known as pre-BMS stage) the centralized control and monitoring 
panels are used to operate some basic tasks such as read the sensors readings and 
start/stop or reset systems at one central location. In this stage the numbers of switches 
and sensors connected to centralized control and monitoring panels are less than the 
current BMS which may include thousands of input/outputs. 
2.1.2.2 Computerized Centralized Control and Monitoring Panel 
This stage witnessed the emergence of the first computerized building automation control 
center late in1960s (the first BMS generation), as a result of the development of the 
modern computer in the 1940s. Coaxial cable or two wire digital transmission is used to 
connect remote multiplexers and control panels to a computer which allows all messages, 
sensors and devices to communicate easily. Several functions are performed by the 
systems in this stage such as schedule programming of controllable devices, automatic 
reset of analogue outputs, high and low alarm limits and reports. The main drawbacks of 
this generation are the high cost and its complexity to use.  
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2.1.2.3   BMS with Data-Gathering Panel (DGP) based on Minicomputer 
This stage (also known as the second BMS generation) brought dramatic changes to 
BMS. Energy management software packages such as duty cycle, demand control, 
optimum start\stop, day night control and enthalpy control were incorporated into BMS. 
Rapid increases in the use of minicomputer, central processing units and programmable 
logic controllers in buildings management systems was observed. Another important 
change in the generation was introducing data gather units which helped to use fewer 
wires to transmitted data between points. These changes were attributed to several 
reasons, the most significant being the decline in the cost of hardware during the 1970s. 
Computers and programs interface also became easier to use with no need for specialist 
users. 
2.1.2.4 Microprocessor-based BMS using LAN 
This stage witnessed the birth of a new generation of the building management systems 
due to the use of microprocessors and the personal computer (PC). The continued decline 
in the price of microprocessors and chips was the major reason of the development of 
new technology in BMS. Microprocessors-based control stations integrated using Local 
Area Network (LAN) represented the typical system architecture of BMS at this stage 
which is still in existence today. 
2.1.2.5 Open BAS Compatible with Internet/ Intranet 
Since 1980s, several researches have been conducted to come up with a solution for 
incompatible problems of BMS by developing and promoting standards. By the mid of 
1990s, BMS industry had witnessed the adoption of several technologies which still exist 
today such as open protocol, standard technologies, communication and software 
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technologies commonly used by Internet/ intranet or within the computing networking 
area. 
 
2.2 Office Buildings and Building Management Systems  
 
For many industrial countries, the office building is a place for transacting building work 
(Zhang, et al. 2011). The concept of the modern office building is initiated based on the 
scientific-management theories that initiated in the late nineteenth and early twentieth 
century's. One of the most important scientific-management theories was developed by 
Frederick Taylor. He believed that the best way to complete the work is by being divided 
down into its simplest segments to the extent that people are treated as units of 
production. Larkin company headquarters in Buffalo was the first and most famous 
physical example of such theory. More lately, the scientific-management theories have 
been gradually superseded by a new concept called 'management by objectives'. 
(Markland, 1995).  
The energy consumed in the typical office building took up 30% of overall operation 
cost. Therefore, the energy consumption in the office buildings in one of the most 
important field of interest for many researchers (Piet et al., 2009). In office buildings, 
there several elements provide a critical roles in reducing energy consumption. Such 
elements include energy management policies, electric equipment and appliances energy 
user's behaviors and the most important is energy management technology (Zhang, et al., 
2011). The interaction among the four elements are illustrated the following Figure. 
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Figure 4 The Four Elements in Office Energy Consumption (Zhang, et al., 2011) 
 
BMSs are the most important energy management technology in the large functional 
buildings such as office buildings. The conventional and sill core area of the BMS in 
large functional buildings is the controlling and monitoring of heating, ventilation and 
air-conditioning systems. Their main objective is to provide noteworthy savings in energy 
and decrease operation cost (Kastner et al., 2005). 
2.2.3 Benefits of Building Management Systems in Office Buildings  
The rapid developments of the BMS provide several benefits not just for the facility 
manager, but all different users involved with the facility. Many factors appear to 
influence the achievement of full benefits of BMS in office buildings. These factors are 
related to BMS design, installation, commissioning, or BMS operation and maintenance. 
Figure 5 illustrates some of these benefits (Mustafa and Bansal, 2002): 
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Figure 5 Benefits of Building Management Systems (Mustafa and Bansal, 2002) 
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2.2.4 Functions of Building Management Systems in Office Buildings  
The basic functions of the BMS in office buildings can be highlighted by the following 
bullets:  
• Control functions: 
 Installation-management and control (local control) functions 
 Energy management (supervisory control) functions 
• Risk management functions 
• Information processing functions 
• Facility management functions 
• Performance monitoring and diagnosis 
• Maintenance management. 
2.2.4.1 Control Functions 
Control function of the BMS can be spilt into two groups: local (installation-management 
and control) functions and Energy management (supervisory control) functions. Local 
control functions form the essential control and automation functions of building 
management system that helps building service systems to perform their basic functions 
in an adequate way. Local control functions include two categories: sequencing control 
and process control. There are several examples of sequencing control for buildings 
systems such as chill, pump and fan sequencing control. The typical process control in 
buildings include temperature control, air and water flow rate control and static pressure 
control. For most of the building owners, the economic justification for implementing 
BMS is improving energy management in their buildings. BMS can manage energy 
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consumption by reducing the energy consumed by starting or stopping plants depending 
on the correct or the optimal timing. Secondly, it reduces energy consumption by running 
plants in energy-efficient conditions by setting local process control to the optimal level 
(Wang, 2010). 
2.2.4.2 Risk Management Functions 
BMS can create an excellent degree of personal safety in the buildings. This can be 
achieved through  integrating fire safety system with building management system and 
thus, the ability of BMS to automatically close fire doors, open fans and close others and 
pressurizing some zones of the buildings with respect to other. These actions reflect 
positively to prevent the spread of fire and smoke(Wang, 2010).  
2.2.4.3 Information Processing Functions 
BMS can generate precious information for forward services and costing through creating 
summaries, logs and reports. This data can also offer value added services to tenants such 
that the perceived worth of the tenancy is increased (Wang, 2010). 
2.2.4.4 Performance Monitoring and Diagnosis, Maintenance Management 
Fault detection and diagnostic of buildings systems are the inevitable result of buildings 
management systems ability to record monitoring data, which help to anticipate future 
failures and leave that building systems in an acceptable operating state. Modern BMS 
are able to apply fault detection and diagnostic technology online. This capability allows 
detecting and analyzing faults while the system is running. One of the most significant 
jobs of the modern BMS is effective maintenance. This maintenance is proposed based 
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on the monitoring data, which provides information on the equipment conditions (Wang, 
2010). 
2.2.5 Integrated Building Management System 
Recent years have witnessed a huge interest in the development and implementation of     
a variety of intelligent building control products. Improve building ‘monitor and control’ 
performance and environmental sustainability, and achieve  a variety of human desires 
are the main reasons for developing such intelligent systems Wong and Li (2009).The 
number of the building systems that can be integrate and interoperate with BMS is 
increasing over years. For office buildings, the following Figure illustrate the most 
important building systems that can be integrate and interoperate with BMS (Shirley, 
2001; Sinopoli, 2010). 
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Figure 6 Integrated Building Management System 
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 2.2.6 Intelligent Office Building Technologies in Saudi Arabia  
 
The rapid construction boom and the competitive environment in Saudi Arabia are highly 
encouraging the building industry to integrate the intelligent building technology in 
commercial and multifunctional buildings. At present, the major implantation  of this 
technology is mostly reflected in large scale and high budgeted projects however, 
intelligent buildings technology vendors and companies that service professional 
consultancy in this field are beginning to establish a stable market for this technology in 
KSA (Reffat, 2010b). 
By conducting an online survey (Reffat, 2010a) investigated the market requirements of 
intelligent building technologies for high-rise office buildings in Saudi Arabia and some 
of the major finding of this survey are as follows:   
• About 77% of the survey participants agreed that the intelligent buildings 
technologies are important for office buildings in Saudi Arabia as shown in Figure 
7. 
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• The degree of appropriate utilization of hi-tech intelligent technologies for 
surveyed office building is low (85 % without appropriate utilization). 
• Reducing energy consumption, increasing occupant safety and security, and 
improving the operation and maintenance are the major benefits of hi-tech 
intelligent buildings technologies for office buildings in Saudi Arabia as shown in  
Figure 8. 
 
 
Figure 7 Importance Levels of Intelligent Building Technologies for Office Buildings in 
Saudi Arabia (Reffat, 2010a) 
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Figure 8 The Major Benefits of hi-tech Intelligent Buildings Technologies for Office Buildings in Saudi Arabia 
(Reffat, 2010a) 
• According to survey results, 50% of surveyed office buildings have intelligent 
building technologies that are either fully or partially integrated. While the other 
50% have intelligent building technologies  that are not integrated with each other 
and work  as standalone systems to manage the operation of office building 
services and functions. 
 
2.3 Decision Making Techniques and Methods 
 
Many techniques and methods have been developed to solve the decision making 
problems (Baker et al., 2001). Normally, the decision making problems have two main 
parts the first part reflects the factors and sub factors that directly related to the decision 
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making problem and the second part reflects the alternatives of the decision making 
problem (Sipahi and Timor, 2010).  The following bullets represent some of the decision 
making techniques and methods (Baker et al., 2001): 
• Kepner-Tregoe (K-T) Decision Analysis, 
• Multi-Attribute Utility Theory (MAUT), 
• Pros and Cons, 
• Cost Benefit Analysis (CBA), 
• Custom tailored tools and,  
• Analytic Hierarchy Process (AHP) 
 
2.2.7 Analytic Hierarchy Process (AHP) 
The analytic hierarchy process is a theory for prioritizing both tangible and intangible 
factors based on the experts' judgment (Anvari et al., 2011). AHP is one of the best-
known multi-criteria decision making (MCDM) technique developed by AL Saaty in 
1980 and it was designed to solve decision-making problems by breaking down each 
problem into a hierarchy and prioritizing all factors in a systematic way. Due to its 
numerous features, The AHP method is widely used in many fields such as engineering, 
ecology, food, business, health and government sectors. 
2.2.7.1 AHP Method Advantages   
Many researchers use AHP methods instead of other (MCDM) methods due to many 
reasons, some of which are:  
36 
 
• AHP method allows researchers to include both quantitative and 
qualitative factors in the decision making.  
• AHP method allows researchers to consider a large number of factors. 
• Mathematical simplicity and flexibility of AHP method.  
• AHP method allows researchers to structure the large problems into a 
hierarchic structure. 
2.2.7.2 Structure Hierarchy  
Development of the decision-making problem hierarchy is the most important part of the 
decision-making problem. Many things must be considered in developing the decision-
making problem hierarchies such as  the correct identification of the factors, sub-factors 
and alternatives with respect to the overall goal, appropriate arrangement of the factors on 
their levels as well as the number of hierarchy levels must be determined by the level of 
the complexity of problem and the amount of the detail required (Al-Nehmi, 2009). 
2.2.7.3 Pairwise Comparison 
The pairwise comparison matrix is a part of the AHP method. Pairwise comparisons 
matrix gives the experts the opportunity to assign the importance of each factors and sub-
factors against each other by using Saaty's 1-9 scales as shown in the Table 1.  
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 Table 1 Saaty's 1-9 Scale of Pairwise Comparisons (Anvari et al., 2011) 
Intensity 
Of Importance 
Definition 
1 Equal importance 
2 Weak or Slight 
3 Moderate Importance 
4 Moderate Plus 
5 Strong Importance 
6 Strong Plus 
7 Very  plus 
8 Very,very strong 
9 Extreme importantce 
 
Expert's judgment technique is widely used in many different areas of research. "The 
main difficulty is to reconcile the inevitable inconsistency of the pairwise comparison 
matrix elicited from the decision makers in real-world applications" (Anvari et al., 2011). 
2.2.7.4 Group –AHP 
The AHP is a multi-criteria decision making (MCDM) technique. It is considered to be 
well suited for group decision making. Due to complexity of the some studies the need 
for more than one expert judgment becomes very necessary and this called group 
decision (Dalal et al., 2010). There are four suggested ways to set the priority setting in 
the context of group decision: 
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• Consensus that refers to the achievement of a consensus of group 
participants in constructing a hierarchy and making judgments. 
• Vote or compromise. 
• Geometric mean of the individual’s judgments. 
• Single or multiple models. 
 
2.4 Previous Research  
 
Many studies and articles have been developed on various aspects of BMS 
implementation. A few examples are listed below.  
Petze (1996) in this study the authors present a number of factors that influence the 
successful implementation of the BMS. These factors are involvement of personnel that 
will live with the system, development of BMS design alternatives by sub-contractors, 
adequate initial and continued training for BMS facility personnel, and good project 
management by sub-contractors. 
Lowry (2002) states that there are many factors affecting the successful implementation 
of the BMS in plants facility. these factors are end user involvement in determine the 
requirement of the BMS, good usability of the end user interface, proper selection of the 
BMS vendor(s), and proper training for BMS facility personnel. 
Hydeman (2004) states that the effective direct digital control (DDC) systems retrofits 
project is influenced by a number of factors such as proper selection of the sub-
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contractors, proper review of the plans and submittals provided by sub-contractors and 
complete requirement and specification of the project. 
VanDoren (2009) indicates that BMS project may fail due to several reasons. These 
reasons are lack of client involvement, sub-optimal requirement, frequently changing 
order due to client's demands, lack of end user involvement during briefing process, and 
poor project management by sub-contractors.    
Runde et al. (2010) revealed that there are several challenges facing the current 
engineering process of the BMS. These challenges resulted in an unnecessary increase in 
engineering and utilization costs. In this study the authors divided BMS engineering 
challenges to organizational and structural challenges and software challenges. 
Piper (2004) presented a number of factors that affect the successful operation and 
maintenance of the BMS. These factors are lack of training, insufficient staffing and 
improper BMS re-commissioning.  
Schneider (2005) Indicated that the best way to achieve full potential of BMS comes 
through a proper commissioning of BMS during the design stage of the buildings project. 
In building design stages, BMS commissioning begins with determining the exact 
owner's performance requirements, but given the vast choice of BMS options available 
and the varying levels of technical experience of an owner's personnel, this can be a 
difficult task. The author in this article stated that the commissioning authority (CA) 
plays a vital role in BMS commissioning through: 
• Proving adequate assistance to owners by determining realistic expectations of the 
completed system.  
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• Ensuring that the requirements of the building owner are well documented.  
• Ensuring that the basis of the design document is correctly developed. 
•  Reviewing the contract documents during the various stages of completion. 
• Reviewing all BMS drawings developed by the controls contractor and compare 
them with owner's project requirements and basis of design documents. 
• Carrying out visits to the project site on a regular basis to validate BMS 
installation procedures. 
• Furnishing operation staff with detailed instructions for operating the system in 
various operating conditions. 
Kastner et al. (2005) stated that the cost of investment in BMS is too high therefore, it is 
very important to select a building concept that ensures optimal life-cycle cost and not 
minimum investment cost. 
Piper (2002) indicated that inappropriate selection of BMS may cause a series of 
problems such as installed capabilities may go unused, needed functions are never 
installed, projected cost savings are never fully achieved and they eventually will never 
achieve their full potential.  
Ehrlich and Goldschmidt (2011) stated that “the best continuous commissioning comes 
from a diligent operator who is using the BMS on a regular basis as a tool to optimize the 
facility. Unfortunately, we find many buildings engineers who aren’t regularly using 
these systems. There are many reasons for this, including challenges with training, time, 
and the usability of systems”. 
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Makarechi and Kangari (2011) stated that building management systems (BMS) are 
mainly implemented in commercial buildings to increase their systems performance and 
operational effectiveness. They revealed that user needs, simplicity, and availability (of 
service maintenance) are the most important challenges that impact the BMS 
performance. 
Burns (2005) stated that E SOURCE in 2004 conducted interviews with representatives 
of large companies or institutions to investigate their concerns and day to day issues 
about building automation and controls systems. This study covers fifty four persons 
managing facilities from universities campuses to supermarkets and from airports to 
hotels in North America, Europe, and Asia. The finding of these interviews demonstrated 
that the facility managers are still facing with yesterday’s problems with limited budgets, 
staff, communication, and time.  
Poeling (2000) stated that there are two main sides of the successful implementation of 
BMS. The first side is about building users comfort and the other side is about operating 
buildings with minimum energy consumption. In this study the authors presented some 
common problems of the BMS: 
1. The maintenance staffs do not have time to identify BMS problems. 
2. The BMS is improperly programmed by the installer. 
3. The BMS operators disable the energy conservation features. 
4. The installer fails to verify control performance. 
5. Failed components are not replaced. 
6. The BMS operators do not have a good understanding of energy conservation. 
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Kazemi and Allahyari (2010) presented a conceptual framework for prioritizing the most 
important factors influencing successful implementation of Knowledge Management in 
organizations.  The developed framework is based on utilizing Group analysis process 
(GAHP) model to analyze and prioritize the identified factors that influence successful 
implementation of Knowledge Management in organizations. They stated that the finding 
of this study represents guidelines for top managers and leaders of organization to 
implement knowledge management successfully in their organizations. 
Anvari et al. (2011) developed a model for analyzing and prioritizing the identified 
factors that support the implementation process of learning manufacturing in the 
automotive industries. The used methodology consists of two stages. In stage 1 
(qualitative), factors that support the implementation process of learning manufacturing 
in the automotive industries were identified from literature.  In stage 2 (quantitative), the 
authors utilized group analysis process (GAHP) model to analyze and prioritize the 
identified factors in the first stage. They stated that the finding of this study will pave the 
way for learning managers, experts and senior managers on implementing learn in their 
companies.   
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3 CHAPTER 3 
CURRENT LOCAL PRACTICES OF BMS 
IMPLEMENTATION DURING THE LIFE CYCLE OF 
OFFICE BUILDINGS 
3.1 Introduction  
 
An inquiry of current local practices of BMS implementation in office building in the 
Eastern Province of Saudi Arabia is presented in this chapter. It focuses on investigating 
the procedures followed in the design, installation and operation and maintenance of 
BMS in office buildings. Interviews were conducted with a selected sample of BMS 
designers, contractors and operators in the Eastern Province of Saudi Arabia. The purpose 
of conducting the interviews was to understand the current local practices of investigating 
the procedures followed in designing, installation and operating and maintaining the 
BMS and identifying the most important challenges affecting the successful 
implementation of the BMS during the life cycle of office buildings. 
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3.2 Methodology of Interviews 
 
Interviews were conducted with 12 BMS' designers, contractors and operators in the 
Eastern Province of Saudi Arabia. Information about these interviewees is shown in 
Table 3. The interviews focused on: 
• Investigating the procedures followed in designing, installing and operating and 
maintaining BMS in office buildings in Saudi Arabia. 
• Investigating the challenges affecting the successful implementation of the BMS 
during the life cycle of office buildings. 
A set of developed standard questions (as shown in Appendix I) were followed to carry 
out the interviews 
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 Table 2 Interviewed BMS' Designers, Contractors and Operators 
No. Name of the Interviewed Person 
 
Place of work 
 
Date of 
the 
Interview 
Method of 
the 
Interview 
1. 
Mr. Eisa S. Al-Dossary 
Manger, Operation & 
Projects Dept. 
Asharqia Chamber 
Dammam 28/5/2012 Face- to -Face 
2. 
Mr.Othman Adowia 
Facility Manger 
Al Turki Towers 
Dhahran 
28/5/2012 Face- to -Face 
3. 
Mr. Hamzeh Al Titi 
Senior Electrical Engineer 
Fawz Abdulaziz Al 
Hokair Real Eatatw Co. 
Ltd. 
Khabar 
30/5/2012 Face- to -Face 
4. 
Mr. Mohammad Rafi Patel 
Projects Management leader 
Honeywell Automation 
& Control Solution 
Dhahran 
4/6/2012 Face- to -Face 
5. 
Mr. Mohammad A. Mofrah 
Senior Mechanical Engineer 
Modern Design for 
Consulting Engineering 
Khabar 
4/6/2012 Face- to -Face 
6. 
Mr. Mohammad Abdul Waris 
Projects Supervisor 
KFUPM 
Dhahran 
2/6/2012 Face- to -Face 
7. 
Mr. Mohammad W. 
Bahieldeen 
Senior Mechanical Engineer 
Modern Design & 
Engineering Consulting 
Khabar 
5/6/2012 Face- to -Face 
8. 
Mr. Rami Abdullah Diab 
Electrical Section Manager 
ATCM Construction 
Dammam 10/6/2012 Face- to -Face 
9. 
Mr. Efren H. Acal 
BMS Operators 
Eastern Cement Towers 
Dammam 12/6/2012 Face- to -Face 
10. 
Mr. Arnohd N. Alejo 
BMS Operators 
Al Rashd Towers 
Khabar 13/6/2012 Face- to -Face 
11. 
Mr. Moaaz Izzat Yaseen 
Facility Manager 
Al Sehamyiah Towers 
Khabar 19/6/2012 Face- to -Face 
12. 
Mr. Moaid Al Katranji 
System Projects Manager 
Johnson Controls 
Khabar 23/6/2012 Face- to -Face 
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3.3 Finding of the Local Practice  
 
In order to get a clear understanding of the practice of designing, installing and operating 
BMS the in construction industry, several structured interviews were conducted and their 
results are presented as follows: 
3.3.1 BMS Design Procedure 
After developing the client and end user requirements throughout the briefing process, 
the brief program forms the basic line for the (MEP) design engineer (Mechanical, 
Electrical, Plumbing design engineer) to develop the BMS plans and specifications. The 
MEP plans and specifications mainly contain the sequence of operations and the location 
of the control elements and sensors. This data is then provided to the supplier to develop 
the required shop drawing & Submittals to the BMS contractor. Figure 9 illustrates the 
BMS design procedures followed in Saudi Arabia. 
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3.3.2 BMS Installation Procedure 
The BMS installation procedures usually begin with selection of the BMS sub-contractor. 
This selection is carried out by the client either through the bidding process or direct 
selection. In many cases, the consultant and the design team play a critical role in the 
BMS sub-contractor selection process by providing their clients with all necessary 
advice. After that, the BMS sub-contractor selects the BMS supplier under the direct 
supervision of the consultant and client. The BMS supplier in turn develops shop drawing 
and submittals based on the plans and specifications provided by the (MEP) design 
engineers. The developed shop drawing and submittals are usually revised by the 
consultant and are mainly used by the sub-contractor to install the BMS components. The 
installation process of the BMS components normally starts with the mechanical and 
electrical works of the project. Testing and commissioning practices of the BMS 
components are mainly divided into two parts; the first part is carried out during the 
installation process where the sub-contractor and the supplier test the BMS components 
after installation and this testing is called the primary testing, the second part is 
conducted after completing the whole project and it is called final testing and 
commissioning.  
During the warranty period the sub-contractor provides the initial training for the BMS 
operators and free maintenance services. By the end of the warranty period, the sub-
contractor delivers 'as built' drawing & manuals to the building owner. Figure 10 
illustrates the BMS installation procedures followed by construction industry in Saudi 
Arabia.  
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Figure 10 BMS Installation Procedure 
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3.3.3 BMS Operation and Maintenance Procedure 
The BMS operation and maintenance procedure of the BMS usually begin after 
completing the acceptance stage of the project and handing over it to the client. Facility 
personnel (including operators, maintenance staff, and facility manger) are basically 
selected by the client to manage, operate, and maintain his/her facility. The BMS 
personnel could be hired to work in the facility as in-house staffs or outsource them. The 
BMS operators usually do their daily activities in alternating shifts ranging from two to 
three depending on the office building work patterns. Two types of maintenance namely 
preventive and corrective maintenance are carried to keep BMS in a good condition. The 
outsourcing of the BMS operation and maintenance services are carried out by the main 
suppliers of the BMS. Figure 10 illustrates the BMS O&M procedures followed by 
construction industry in Saudi Arabia.  
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Figure 11 BMS Operation and Maintenance Procedure 
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3.3.4 The Most Significant Challenges Facing the Implementation of the 
BMS  
The interview's findings described that the current practices of the implementation of 
BMS in Saudi Arabia are facing several challenges that could take place during design, 
installation, or operation and maintenance stages. The most critical challenges are 
described as follows 
3.3.4.1 Inappropriate selection of sub-contractor to install the BMS  
Interview's finding confirmed that one of the most critical challenges for the successful 
implementation of the BMS during the installation stage is the inappropriate selection of 
the sub-contractor to install the BMS. Many studies indicated that the quality of the 
installation of the BMS by the subcontractors is as more important as the systems itself. 
Unfortunately, for many clients in the construction industry in Saudi Arabia, installation 
cost is the most important factor for selecting sub-contractors to install the BMS. As a 
result the selection of the sub-contractors with lowest cost to install the BMS is done. 
From the results of interviews, it was found that such clients face many problems during 
and after the installation, in some cases they may receive the project without the final 
testing and commissioning because they select the lowest bidder.    
3.3.4.2 Inadequate initial training for BMS facility personnel 
As important as the design and installation are to a building management system, they 
aren’t the only important things for the success of the BMS. If the BMS operation 
personnel don't receive adequate training, even the best BMS in the market may not 
achieve its long term success. The BMS subcontractors\suppliers usually provide the 
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initial training for the BMS facility personnel during acceptance phase of the project. The 
interviews finding indicated that the quality and quantity of the initial training provided 
by BMS subcontractors\suppliers is not enough. It usually covers technical attributes of 
the installed system and it is carried out in a short period of time with a limited number of 
operators (maximum two). 
3.3.4.3 Lack of continued training for BMS facility personnel  
Adequate training for BMS personnel including building managers and operation and 
maintenance staffs is necessary to ensure its successful operation and maintenance. 
Interviews findings revealed that an inadequate initial training is one of the most critical 
challenges that affect the success of the BMS project. The next important challenge for 
long term success of the BMS is lack of the ongoing training for its personnel. 
Unfortunately, the majority of BMS personal in Saudi Arabia do not receive ongoing 
training by BMS specialists. The main reasons are building owner's tendency and the 
high cost of such training. Continued training is essential for several reasons such as, 
turnover of the BMS facility personnel, addition of new features and functions, and 
change of the utilization and physical characteristics of the building. 
3.3.4.4 Provision of incomplete plans and specifications of the BMS 
One of the most important challenges affecting the successful implementation of the 
BMS during installation stage is the provision of incomplete plans and specifications of 
the BMS. Basically, at the end of the building management systems design process, the 
mechanical, electrical, and plumbing (MEP) design engineer in A/E firm produce the 
BMS plans and specifications. Failure in providing these sections or ignoring some of 
them, opens ways for the BMS's contractors and supplies to make their interpretations. 
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This can lead to a series of problems during installation phase such as, cost overruns, 
disputes and most importantly the BMS does not match the client's requirements. 
 
3.4 Discussion 
 
The current local practices of BMS implementation in office building in the Eastern 
Province of Saudi Arabia is presented in this chapter. It focuses on investigating the 
procedures followed in designing, installation and operating and maintaining the BMS in 
office buildings. A series of structured interviews were carried out with 12 BMS' 
designers, contractors and operators in the Eastern Province of Saudi Arabia. 
The findings of the interviews are presented in this chapter mainly in two parts. The first 
part describes and illustrates the procedures followed in designing, installation and 
operating and maintaining the BMS in office buildings, while the second part describes 
the most significant challenges faced during the implementation of the BMS during the 
life cycle of office buildings. 
• The design procedures of the BMS: the interviews confirm that the BMS design 
normally begins after the development of the plans and specifications by MEP 
engineers. This data is provided to the supplier(s) to create the shop drawing & 
submittals. 
• The installation procedures of the BMS: the interviews indicated that several 
parties are working together to complete the BMS installation namely, sub-
contractors, suppliers, clients and consultants. After selecting the BMS sub-
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contractors and suppliers, the shop drawing and submittals developed by the 
suppliers are usually used by sub-contractors to install the BMS under direct 
supervision of the consultant.  
• The operation and maintenance procedures of the BMS: the interviews 
revealed that the operation and maintenance services of the BMS could be carried 
out through   well trained in-house staff, or through outsourcing. BMS operators 
usually conduct their daily activities in alternating shifts ranging from two to three 
depending on the office building works patterns. Two types of maintenance 
named preventive and corrective maintenance are carried to keep BMS in a good 
condition. 
The results of the interviews indicated that the most significant challenges faced during 
implementation of the BMS are the inappropriate selection of sub-contractor to install the 
BMS, inadequate initial training for BMS facility personnel, lack of continued training 
for BMS facility personnel and provision of incomplete plans and specifications of the 
BMS. 
The next chapter presents the challenges influencing the successful implementation of the 
BMS during the life cycle of the office buildings. Identification of these challenges was 
carried out through literature review, observed professional practice and through five 
likert scale questionnaire.  
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4 CHAPTER 4 
CHALLENGES AFFECTING THE IMPLEMENTATION 
OF THE BUILDING MANAGEMENT SYSTEMS IN 
OFFICE BUILDINGS   
4.1 Introduction  
 
The next chapter presents the challenges influencing the successful implementation of the 
BMS during life cycle of the office buildings. Identification of challenges was carried out 
through literature review, observed professional practice and through five likert scale 
questionnaire.  
Building management systems (BMS) are mainly implemented in commercial buildings 
such as office buildings to increase their systems performance, operational effectiveness 
and occupant's satisfaction. Unfortunately, the effective implementation of this system 
faces several challenges that may occur during the life cycle of the office building 
project. Based on the international literature sources and interviews conducted, this study 
presents these challenges that effective the successful implementation of the building 
management systems. Thirty-two challenges are identified and are classified into three 
main categories namely; briefing and design phase, installation, acceptance, and warranty 
phases and operation and maintenance phases.  
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4.2 Challenges Pertaining to the Briefing and Design Phases 
 
This category of challenges includes 11 different challenges. Description of each is 
provided as follows:  
4.2.1 Lack of Clients' Involvement in the Briefing Process    
The client's involvement in the briefing process is a critical factor for the success of the 
project due to its importance in reflecting the client's objectives, needs and requirements 
to the design team (Juaim and Hassanain, 2011). A BMS is a blend of several building 
sub-systems throughout a connection of various ways to develop an integrated building 
system (Wang, 2010). The developed integrated building system throughout BMS 
depends on the specific client’s objectives, needs and requirements for the new building 
project. This client could be the owner of either private or public-sector buildings 
(Sinopoli, 2010). The lack of clients' involvement in the briefing process is one of the 
major reasons that cause failure of the integrating building technology systems 
(VanDoren, 2009; Sinopoli, 2010).   
4.2.2 Lack of End-User' Involvement in the Briefing Process 
The end users, being more than one entity, are considered to be one of the significant 
sources of information for the briefing team in determining building projects' 
requirements. The end users may represent the client organization, the employees of the 
organization, or its visitors (Juaim and Hassanain, 2011). One of the most significant 
challenge that affects the successful implementation of the BMS is the lack of end user' 
involvement in specifying their requirements (Lowry, 2002; Petze, 1996). The most 
notable entity of end users that could potentially provide significant contribution to 
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identifying and formulating the requirements of BMSs are the operation and maintenance 
staff (HPAC, 2007; Sinopoli, 2010). However, as the operation and maintenance staff 
would be usually selected after the construction of the building has been completed, the 
opportunity to involve them in defining and formulating their requirements for the BMS 
is minimal (Petze, 1996). 
4.2.3 Unfamiliarity of the Briefing Developer with the Technical 
Requirements of BMS 
The developed brief for designing the BMSs requires the identification and understanding 
of the methodology of integrating the various technical sub-systems in the building. 
Examples include the integration and the interface between the heating, ventilating and 
air conditioning systems and the fire protection systems. Shen and Chung (2006) 
indicated that architects, usually being the project brief developers are expected to 
possess the working knowledge about all technical systems that would be installed in the 
building. However, architects in Saudi Arabia may not be acquainted with the basic 
technical requirements for developing a user friendly interface for the BMS. As a result; 
the developed project brief may lack significant technical details that reflect the basic 
requirements of the BMS (Al-Katranji, 2012). 
4.2.4 Insufficient Technical Experience of the Client with the BMS 
The client's vast technical experience with BMSs is a significant resource for determining 
the detailed performance requirements of the demanded functionalities of the systems. A 
client who possesses a limited experience with BMSs may overlook their essential 
performance requirements. This would result in developing a design brief that lacks 
significant details, and hence the specification of a BMS that does not reflect the client’s 
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and end users’ actual needs and requirements (Petze, 1996; Schneider, 2005; VanDoren, 
2009). Alejo (2012) revealed that, in some occasions, clients may not fully understand the 
technical requirements of BMSs. As clients would be mainly focusing on the cost of the 
BMSs, the final product would be reflective of the client’s and end uesrs’ intended 
functionalities for the BMSs.     
4.2.5 Absence of Commissioning Practices during the Briefing Process 
The appropriate commissioning practice is one of the most significant factors that affect 
the success of the BMS (Bourassa and Johson, 2007). The commissioning practice is 
defined by ASHRAE (2005) as “a quality-focused process for enhancing the delivery of a 
project. The process focuses upon verifying and documenting that the facility and all of 
its systems and assemblies are planned, designed, installed, tested, operated, and 
maintained to meet the owner’s project requirements”. Sam (2010) defines building 
commissioning as a "systematic process that ensures all building systems are installed 
and perform interactively according to the design intent and meet the client's operational 
requirements". While the general understanding of the commissioning practice is that it is 
a simple testing of the BMS components at the end of the construction phase, Ellis (2004) 
emphasized that this is not a proper commissioning practice for the BMS. The 
commissioning practice should start early at the briefing phase to develop the design 
documents and continue throughout construction and startup processes. Schneider (2005) 
indicated that commissioning of the BMS at the briefing phase serves to determine and 
document the owner and end users’ expectations and performance requirements.  
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4.2.6 Poor Communication between the Client and the Brief Developer 
Effective communication between the brief developer and the client is one of the critical 
aspects that affect the success of the briefing process. Active listening during the briefing 
process provides an excellent mean for facilitating effective communication between the 
brief developer and the owner (Yu et al., 2007). Runde et al., (2010) emphasized that 
communication problems between the client and brief developer due to the use of 
different vocabularies is one of the challenges that affect the success of the BMS. The use 
of different vocabularies may lead to misunderstanding of the demanded performance 
requirements.    
4.2.7 Provision for Sub-Optimal Requirements of the BMS 
The developed design brief serves as a reference document for all participants in the 
building project (Yu et al., 2007).  The development of an optimal design brief in 
influenced by several factors pertaining to clients, end users, time allocated for the 
briefing process, available budget, communication between the various project 
participants, experience of the brief developer with the project type and control and 
management of the briefing process (Juaim and Hassanain, 2011). There are two 
significant factors which could potentially impact upon the development of an optimal 
brief for BMSs. These factors include lack of communication between the client and the 
brief developer and lack of software support for programming the interface and 
integration between the various sub-systems in the building (Runde et al., 2009). 
4.2.8 Inappropriate Selection of the A/E Team 
The selection of an appropriate architecture-engineering (A/E) firm is one of the most 
significant tasks that property owners makers face to ensure the success of their 
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construction project. Parameters that have to be considered during the decision making 
process include the site conditions, design requirements and complexity, and available 
resources (Nguyen et al., 2008).To ensure the proper selection of the A/E team in the 
design of BMSs, the team should possess adequate knowledge, training and experience to 
develop the required detailed design package, including the plans and specifications 
(Ehrlich and Goldschmidt, 2009). In the BMS plans and specifications, the design 
professionals, being the mechanical, electrical, and plumbing design engineers, 
determines the BMSs’ equipment and their locations as well as the sequence of 
operations (Schein, 2007). 
4.2.9 Lack of Sub-Contractor's Involvement in the Design of the BMS As "a 
Design-Assist" 
Efficient design of BMSs requires up-to-date exposure to the recent development in the 
BMSs technology. However, this exposure might not be feasible due to limitations 
inherent in the academic programs.  Provision of feedback from the sub-contractors to the 
A/E team adds considerable value in the process of designing BMSs. The feedback 
contributes to avoiding the repetition of design errors. It also contributes in briefing the 
A/E about the recent developments in the domain of building automation and control 
systems (Ehrlich and Goldschmidt, 2009). 
4.2.10 Absence of Commissioning Practices during the Design Process 
Appropriate commissioning of the BMS during the design process is one of the most 
significant factors that affect the success of the BMS in achieving its full potentials 
(Bourassa and Johson, 2007). The commissioning of the BMS during the design stage 
focuses on the development of the preliminary design and construction documents. 
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During design process of the BMS, the commissioning activities serve to provide an 
ongoing assistance in the development of the preliminary design documents, and ensure 
that the construction documents cover both the client's project requirements and the basis 
of design documents (Schneider, 2005). 
4.2.11 Inappropriate Selection of the BMS 
Modern BMSs provide a variety of benefits and features. Nevertheless, some of the 
installed BMSs do not achieve their full potential, as some of the required functions are 
not included, or some of the available functions are never used. There are many reasons 
behind these shortfalls. One of the reasons could be traced back to the inappropriate 
selection of the installation contractor.  However, the most important reason is that the 
selected BMS does not match the functional and technical requirements of the project 
(Piper, 2002).  Wong and Li (2006) stated that "any erroneous selection of systems can 
seriously affect the durability, service life, sustainability, and cost of repair and 
refurbishment of the building, and in turn, additional liabilities would be incurred to the 
building owners".  
 
4.3 Challenges Pertaining to the Installation, Acceptance and 
Warranty Phases 
 
This category of challenges includes 11 different challenges. Description of each is 
provided as follows:  
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4.3.1 Inappropriate Selection of Subcontractors to Install the BMS 
The quality of the installation of the BMS could be considered as important as the quality 
of the BMS itself (Hydeman, 2004: Hillebrand, 2007). Selection of a subcontractor for 
the installation of the BMS is usually based on the lowest price received. However, the 
lowest price contract may not provide for a proper installation of the BMS. One of the 
main reasons for the improper installation is the subcontractor’s lack of experience in this 
highly technical field (Arslan et al., 2008; Bahieldeen, 2012). Ehrlich and Goldschmidt 
(2008) emphasized on the process of pre-qualifying subcontractors, especially in projects 
that require extensive integration of critical systems throughout single as well as multiple 
buildings, to ensure the proper installation of the BMS by competent subcontractors.  
4.3.2 Inappropriate Selection of BMS Suppliers  
The careful selection of the most appropriate supplier is a critical decision exercised 
collectively by the owner, A/E team and the installation contractor. The decision would 
be usually based on a wide range of factors (Ho et al., 2010). These factors include the 
cost of the product, quality of the product, after-installation service, provision of training 
to the in-house facilities staff and compatibility with various other products (Mustafa and 
Bansal, 2002; Ehrlich and Goldschmidt, 2008). 
4.3.3 Inadequate Review of the BMS Submittals and Shop Drawing 
Provided by the Subcontractors 
The development of high quality plans and specifications might not be enough for the 
successful installation of the BMS. Several problems could surface up during the 
installation process of the BMS, such as the procurement and installation of the incorrect 
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equipment on the project site. The subcontractor should be requested to prepare the 
necessary shop drawings for the review and the approval of the consultant and the client, 
to ensure that the design details as well as the equipment required for the BMS match the 
requirements of the owner (Cosiol, 2001). Therefore, the review of the submittals and 
shop drawing provided by the subcontractors is a critical task during the construction 
phase of the projects (Garrett and Lee, 2010).  
4.3.4 Frequent Change Orders due to Client's Demands   
Change orders serve the purpose of modifying the contract documents during the course 
of the construction phase. Modifications in the contract documents could arise from 
several causes. One of the significant causes for change orders is the client's instructions 
to modify the original design due to the inappropriate reflection of the client's 
requirements during the design phase. Another significant cause for change orders is the 
updated definition of the client’s requirements during the installation phase (Alnuaimi et 
al., 2010). In BMS projects, the implementation of these frequently demanded work 
orders by the client usually results in delays, cost overruns and sometimes decrease in the 
quality of the installed systems (VanDoren, 2009; Patel, 2012).  
4.3.5 Provision of Incomplete Plans and Specifications of the BMS 
The development of the final set of plans and specifications for the BMS marks the full 
completion of the BMS design phase (Schein, 2007). The specifications of the BMS are 
often arranged in three sections. These sections are titled general, products and execution. 
The general section provides a detailed description of the requirements for developing as-
built drawings, applicable codes and submittals. The products section presents a detailed 
description of the operational capabilities and the specifications of the equipment. The 
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execution section elaborates on the installation, testing, and acceptance requirements. 
Partial development of any of these specifications’ sections may lead to cost overruns, 
disputes, and most importantly mismatch between the client’s and end users’ 
requirements and the installed BMS (Cosiol, 2001).  
4.3.6 Absence of Alternative Design Proposals Provided by the BMS 
Contractors 
Development of alternative design proposals is facilitated by the type of the contract 
between the client and the BMS contractor.  While some projects do not allow or 
encourage potential contractors to develop alternative design proposals, other projects 
encourage BMS contractors to propose alternative solutions and share in the savings 
realized. The main drawback in projects where the development of alternative design 
proposals is not encouraged is the tendency of the contractors to just propose a price 
quotation without worrying about the actual specifications for the BMS. In fact, the 
specifications may not available for contractors to examine during the bidding process. 
This situation may pose a significant challenge to the successful installation of the BMS 
(Petze, 1996: Piper 2005). Providing alternative design proposals by the BMS contractors 
offer clients the added benefits of ensuring the quality of the BMS installation and cost 
reduction (Petze, 1996). The developed alternative design proposals reflect the 
contractor’s field experience and acquaintance with the state-of-the art technology in 
BMS integration and interfacing (Al-Dossary, 2012). 
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4.3.7 Lack of Involvement of the Commissioning Agent during the 
Installation, Acceptance and Warranty Processes of the BMS 
The commissioning agent, also known as the commissioning authority, is a term that 
refers to a team of senior specialists hired by the client to direct and oversee the building 
commissioning process. The specific duties of the commissioning agent are to carry out 
functional performance testing, provide support personnel training, documentation, 
project hand over to the client, and periodical monitoring of the BMS (Sam, 2010). 
Proper commissioning of the BMS is critical for achieving its full potential and ensuring 
its optimal operation (Schneider, 2005). However, the commissioning service requires an 
additional contract between the client and the commissioning agent, which clients 
sometimes avoid due to the expenses involved (Al-Dossary, 2012).   
4.3.8 Improper Selection of the Commissioning Agent 
The commissioning agent is the leader of the commissioning team. The commissioning 
agent carries out the responsibilities of facilitating the entire commissioning process on 
behalf of the client (Sam, 2010). The client’s selection of the commissioning agent is a 
significant decision. The selected commissioning agent should possess the required 
technical knowledge and experience in the type of buildings and systems to be 
commissioned (Elzarka, 2009). In addition, the commissioning agent should possess the 
team-building and coordination skills with diverse technical specialty groups. A weak 
commissioning team leader lacking these skills could be the cause for an ineffective 
commissioning process (Sohmen, 1992).  
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4.3.9 Lack of End User Involvement during the Commissioning Practices 
The most influential end users that could provide an effective contribution to the 
commissioning practices of the BMSs are the operation and maintenance staff (Petze, 
1996; Horwitz-Bennett, 2009). Commissioning practices of the BMS components during 
the installation phase are carried out over two stages. The first stage is called primary 
commissioning. This stage takes place during the installation process where the sub-
contractor and supplier test the BMS components after their installation. The second 
stage is called final commissioning. This stage takes place after the completion of the 
project (Al-Katranji, 2012). The operation and maintenance staff should be involved in 
all commissioning practices, so that they can develop the needed experience with the 
operation of the BMS before its actual use (Kutsmeda, 2008). Nevertheless, few 
operation and maintenance staff are actually involved in all commissioning practices, as 
the majority of them are typically hired after handing over the project to the client 
(Abdul-Waris, 2012). 
4.3.10 Consultant’s Supervisors May not Posses Collective Experience about 
BMS Installation 
Experienced consultants play a significant role in the execution of construction projects. 
Consultants’ lack of management and technical experience on the type of construction 
work constitute an important cause of delay in construction projects (Alaghbari, et al., 
2007; Alnuaimi, et al., 2010). Consultant’s lack of experience on the type of construction 
work may not only result in project delays, but also in handing over a BMS with poor 
quality (Abdul-Waris, 2012). 
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4.3.11 Lack of Coordination and Collaboration among the Project Team 
Members 
The building construction industry is a highly fragmented industry compared to other 
industries. One of the most significant consequences of this fragmentation is the lack of 
coordination and collaboration among the project team members (Alnuaimi et al., 2010). 
In BMS project installation, lack of coordination and collaboration among the project 
team members could lead to low levels of productivity, cost and time overruns, conflicts 
and disputes, resulting in claims and most importantly low quality of construction (Piper, 
2005). 
4.4 Challenges Pertaining to the Operation and Maintenance Phase  
 
This category of challenges includes 10 different challenges. Description of each is 
provided as follows:  
 
4.4.1 Inadequate Initial Training for the BMS Facility Personnel 
Adequate training in the field of BMS applications and functions is necessary for the 
effective performance of the installed systems (Piper, 2004; Horwitz and Bennett, 2009). 
Operation and maintenance personnel should receive the necessary initial training from 
the contractor and the supplier during the acceptance phase of the project. This training 
enables the operation and maintenance staff to learn about the technical attributes of the 
installed systems (Bourassa and Johnson, 2007; Sam, 2010). The duration of the provided 
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training to the operation and maintenance personnel should be proportional to the 
complexity of the installed systems (Acal, 2012).  
4.4.2 Lack of Continued Training for the BMS Facility Personnel    
Continued training should be provided to the operation and maintenance personnel to 
ensure the effective operation of the installed BMS on the long run (Piper 2004, 1996; 
Lewis et., 2010). Continued training is essential for several reasons. One reason could be 
the addition of new features and functions that the existing BMS facility personnel may 
not aware about them. Another reason could be changing the utilization and physical 
characteristics of the building, which will impact upon the existing BMS. A third reason 
could be the accommodation of the turnover of the existing BMS facility personnel to 
acquaint the new facility personnel with the necessary skills for the operation of the 
installed systems (Petze, 1996; Yaseen, 2012).  
4.4.3 Lack of Adequate Technical Documentations Provided by Contractors 
and Suppliers 
Technical documentation of the BMS such as the operation and maintenance manuals and 
as- built drawings serve to provide guidance for the operation and maintenance personnel 
during the service life of the building. These documents are usually developed, modified 
and  provided by the contractors and suppliers during construction and acceptance phases 
of the project (Sam,2010). However, these technical documents may not be developed 
adequately to enable the operation and maintenance personnel to use them effectively 
(Schneider, 2005; Adowia, 2012). This results in wasting a substantial amount of time to 
locate the necessary information to carry out the required operation and maintenance 
activities (Zeitoon, 2011).  
70 
 
4.4.4 Insufficient Staffing for the BMS Operation 
A general misconception about the BMS is that it operates itself. The result of this 
misconception is the understanding that the BMS is a labor-saving system. However, all 
BMSs require an adequate number of personnel to frequently inspect the operation of the 
system and solve deficiencies as they feature (Piper, 2004). In addition to the regular 
operation and maintenance personnel, it is recommended that a designated staff is 
assigned to monitor, control, verify and benchmark the energy consumption in the facility 
through the use of the BMS (Zeitoon, 2011). 
4.4.5 Poor Usability of the BMS User Interface  
BMS consists of two main parts. These parts are the hardware and the software. A 
common challenge encountered during the operation of BMSs is the usability of its user 
interface (Penner and Steinmetz, 2002). Usability is defined by Bevana et. al. (1991) as 
"the ease of use and acceptability of a system or product for a particular class of users 
carrying out specific tasks in a specific environment; where ‘ease of use’ affects user 
performance and satisfaction, and ‘acceptability’ affects whether or not the product is 
used". Poor usability of the user interface could derive facility users away from using the 
capabilities of the BMS on a regular basis as a technique for optimizing the performance 
of buildings (Ehrlich and Goldschmidt, 2011: Makarechi and Kangari, 2011; McKew, 
2001). 
4.4.6 Lack of Service and Technical Support after Installation by Suppliers 
The availability of service and technical support by suppliers after installation is one of 
the most important parameters that affect the successful performance of the BMS 
(Makarechi and Kangari, 2011).The service and the technical support that could be 
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provided by suppliers include repair and replacement of parts, upgrading, training, and 
re-commissioning (Katzel, 1998).  
4.4.7 Poor Operations and Maintenance Activities    
Effective operation and maintenance programs ensure reliability, energy efficiency, and 
minimization of workplace disruption. Operation and maintenance programs consist of 
five elements. These elements are operations, maintenance activities, engineering 
support, training and administration. Operation and maintenance activities include day-
to-day and long-term activities such as budget preparation, conducting preventive 
maintenance, processing of material requests and processing of work orders (Sullivan et. 
al., 2010). (Zeitoon, 2011) emphasized that effective operation and maintenance activities 
is a pre-requisite for ensuring the successful operation and maintenance of the BMS.  
4.4.8 Lack of Adequate BMS Retro-commissioning  
The retro-commissioning practice of existing buildings focuses on the process of 
commissioning buildings that have never been commissioned before. These un-
commissioned buildings were handed over to the operation and maintenance personnel 
with operating deficiencies in place, incomplete technical information, and inadequate 
operator training for critical building systems such as BMSs (Sullivan et al. 2010). The 
systems that usually undergo the process of retro-commissioning are the mechanical and 
electrical systems. The practice of retro-commissioning is essential for meeting the 
intended design potential and ensuring the effective performance of facilities over time 
(Sam, 2010). 
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4.4.9 Inadequate Re-commissioning of BMS   
Re-commissioning is the process of commissioning existing building systems that have 
previously been commissioned or retro-commissioned.  The main advantage of the 
building systems' re-commissioning is ensuring that the benefits gained from the initial 
commissioning or retro-commissioning remain effective (Sam, 2010). Several 
practitioners in the field of BMS indicated that re-commissioning for BMS should be 
carried out periodically to ensure the effective performance of the BMS during the 
service life of the building (Katzel, 1998; Piper, 2004; Zeitoon, 2011).  
4.4.10 Lack of Certified and Trained BMS Operators 
A growing concern that facility owners and managers are facing is the lack of certified 
and well trained BMSs operators. Basic qualities demanded in BMS operators include 
comfort with technology, good command of the English language, adequate level of 
computer proficiency (Lewis et al., 2010). Practitioners in Saudi Arabia in the field of 
facilities management pointed out to the shortage of certified and well trained BMS 
operators in the construction industry market. This shortage is mainly attributed to the 
lack of institutes that provide training programs for facility operation (Acal, 2012; 
Yaseen, 2012). 
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5 CHAPTER 5 
DATA ANALYSIS AND RESULTS 
5.1 Part-One: A Five Point Likert Scale Questionnaire Survey 
 
5.1.1 Introduction 
The first objective of this study is to identify and assess the challenges that adversely 
affect the implementation of the BMS during the life cycle of the office buildings. This 
objective has been achieved through two phases described as follows: 
 
Phase-I: Identifying thirty two challenges from literature review, interviews with 
designers, contractors, facility managers and operators of the BMS in the Eastern 
province of Saudi Arabia. The identified challenges have been discussed in chapter 
three. 
 
Phase-II: Assessing the identified challenges by analyzing the data obtained through 
the questionnaire survey (Appendix II) as described in the following: 
5.1.2 Development of the Questionnaire Survey 
A five point likert scale questionnaire survey (Appendix II), is developed and distributed 
to a representative sample of A/E firms (designers), construction firms and facility 
mangers in the Eastern Province of Saudi Arabia (namely Dammam, Khobar and 
Dhahran). It is divided into three categories, each category is administered to a 
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representative sample of A/E firms (designers), or construction firms or facility 
managers.  Each category consists of two parts described as follows: 
Part-I: This part requested the respondents to provide their contact information, 
positions, years of experience. 
Part-II: This part focused on the assessment of the identified challenges by using a 
five point likert scale questionnaire survey. 
5.1.3 Determination of the Population and Sample Sizes  
For this study, three types of groups who have direct involvement with the 
implementation of BMS for building projects are selected. Population estimates were 
based on data contained mainly in the Chambers of Commerce in the Eastern Province of 
Saudi Arabia. This data included a list of 145 A/E and 815 construction firms registered 
in the Eastern Province. The sample size of the respondents is determined as follows: 
5.1.3.1 The Sample Size of the A/E Firms 
A list of 145 A/E firms (population size N) was obtained from the Chambers of 
Commerce in the Eastern Province of Saudi Arabia. Equations 1.1 and 1.2 included in 
chapter one, are used to calculate the sample size (n) of  the A/E firms as follows: 
 Sample size (n) = 25/ [1+ (25/145)] = 22  A/E firms 
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5.1.3.2 The Sample Size of the Construction Firms 
A list of 817 construction firms (population size N) was obtained from the Chambers of 
Commerce in the Eastern Province of Saudi Arabia. Equations 1.1 and 1.2 included in 
chapter one, are used to calculate the sample size (n) of the construction firms as follows: 
 Sample size (n) = 25/ [1+ (25/815)] = 25 Construction firms 
5.1.3.3 The Sample Size of the Facility Managers 
Sixteen facility managers of the office buildings equipped with BMS located at 
Dammam, Khobar and Dharan, were selected to assess the identified challenges 
pertaining to the operation and maintenance phases of the office buildings. 
5.1.4 Pilot-Testing of the Questionnaire Survey 
The developed questionnaire surveys were pilot-tested with a samples of A/E firms 
(designers), a samples of construction firms (contractors) and a samples of facility 
managers in the Eastern Province of Saudi Arabia and the benefits of the Pilot-testing 
will be:  
• Checking the adequacy of the survey's questions.   
• Determining locations of ambiguity in the survey. 
• Estimating the time needed to complete the survey. 
• Checking the level of editing the survey themes pages (space for 
answering, font's size  ...etc.). 
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5.1.5 Distribution of the Questionnaire Survey 
After conducting the questionnaires pilot-testing, the tested questionnaires were 
distributed to the respondents (including 30 A/E firms, 30 Construction firms and 20 
facility mangers) in the Eastern Province of Saudi Arabia to assess the importance of the 
identified challenges based on their areas of specialization. 
Using five point likert scales questionnaire survey, the respondents were asked to indicate 
their perceived relative degree of effect for each of the identified challenges by selecting 
one of the five evaluation scales; “Extreme Effect (1)”, “Strong Effect (2)”, 
“Moderate effect (3)", "Slight Effect(4)” and “Does Not Effect(5)”.  
The responses to the questionnaire survey were collected from 24 A/E firms, 28 
Construction firms and 16 facility managers in the Eastern Province. 
5.1.6  Questionnaire Survey Analysis  
Based on the nature of the developed questionnaire survey, the analysis of the data 
obtained from the respondents (22 A/E firms, 27 Construction firms and 16 facility 
managers) is divided into two sections as follows: 
• Section One: General information of the respondents. 
• Section Two: Assessment of the Identified challenges. 
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5.1.6.1 Section One: General Information of the Respondents 
This section of the questionnaire survey contains questions about respondent's 
information, his position in the firms and his number of years of experience. Simple 
descriptive statistical methods (namely percentages simple graphics and summaries of the 
findings) were used to analyze the data that was received from the respondents. 
5.1.6.1.1 Respondent’s Number of Years of Experience 
The number of years of experience is determined by allowing the respondents to choose 
one out of four ranges of years of experience as follows: “Less than 5 years”, “5 – 10 
years”, “10 – 20 years” and “over 20 years”. The following sections present a brief 
description of the respondent's numbers of years of experience. 
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• A/E Firm's Respondent's Number of Years of Experience 
 
As shown in Figure 12, 63 % of the respondents (14 A/E Firm's respondents out of a total 
of 22) have been working in their areas of specialization for more than 10 years. The 
results presented that about 36% of the respondents (8 A/E firm's respondents) have ten 
to twenty years of experience, 27% of the respondents (6 A/E firm's respondents) have 
more than twenty years of experience, about 23% of the respondents (5 A/E firm's 
respondents) have five to ten years of experience and about 14 % (3 A/E firm's 
respondents) have an experience of less than 5 years. 
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Figure 12 A/E Firm's Respondent's Number of Years of Experience 
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• Construction Firm's Respondent's Number of Years of Experience 
 
As shown in Figure13, 66 % of the respondents (18 construction firm's respondents out of 
a total of 27) have been working in their areas of specialization for more than 10 years. 
The results presented that about 44% of the respondents (12 construction firm's 
respondents) have ten to twenty years of experience, 22% of the respondents (6 
construction firm's) have more than twenty years of experience, about 26% of the 
respondents (7 construction firm's respondents) have five to ten years of experience and 
about 8 % (2 construction firm's respondents) have an experience of less than 5 years. 
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Figure 13 Construction Building's Respondent's Number of Years of Experience 
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 • Office Building's Respondent's Number of Years of Experience 
 
As shown in Figure 14, 62 % of the respondents (10 office building's respondents out of a 
total of 16) have been working in their areas of specialization for more than 10 years. The 
results presented that about 31% of the respondents (5 office building's respondents) have 
ten to twenty years of experience, 31% of the respondents (5 office buildings' 
respondents) had more than twenty years of experience, about 31% of the respondents (5 
office buildings' respondents) have five to ten years of experience and about 7% (1 office 
buildings' respondents) have an experience of less than 5 years. 
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Figure 14 Office Building's Respondent's Number of Years of Experience 
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5.1.6.1.2 Respondents' Position in their Organizations 
All the respondents were asked to determine their position in their organizations (A/E, 
construction firms and office buildings) by specify one of the provided options or 
specified other if needed.   
• A/E Firm's Respondent's Positions in their Organizations 
  
As presented in Figure 15, 77 % of the respondents (17 A/E firm's respondents out of a 
total of 22) are practicing as electrical engineers or mechanical engineers. The results of 
the questionnaire survey indicate that about 41% of the respondents (9 A/E firm's 
respondents) are practicing as electrical engineers, 36% of the respondents (8 A/E firm's 
respondents) are practicing as mechanical engineers, 14% of the respondents (3 A/E 
firm's respondents) are practicing as project managers and about 9% (2 A/E firm's 
respondents) are practicing as architectural engineers. 
Figure 15 A/E Firm's Respondent's Positions in their Organizations 
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• Construction Firm's Respondent's Positions in their Organizations  
 
As presented in Figure 16, 71 % of the respondents (19 construction firm's respondents 
out of a total of 27) are practicing as electrical engineers or mechanical engineers. The 
results of the questionnaire survey shown that about 56% of the respondents (15 
construction firm's respondents) are practicing as electrical engineers, 15% of the 
respondents (4 construction firm's respondents) are practicing as mechanical engineers, 
about 22 % (5 construction firms' respondents) practicing as project managers and about 
7 % (2 construction firm's respondents) are practicing as civil engineers. 
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Figure 16 Construction Firm's Respondent's Positions in their Organizations 
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• Office Building's Respondent's Positions in their Organizations 
 
As presented in Figure 17, 56% of the respondents (9 office building's respondents out of 
a total of 16) are practicing as facility managers and about 44 % (7 office buildings' 
respondents out of a total of 16) are practicing as maintenance department managers or 
BMS operators. 
 
56% 
44% 
0% 
10% 
20% 
30% 
40% 
50% 
60% 
Maintenance Department 
Managers Facility Managers 
Presentage %  56% 44% 
Pr
ec
en
ta
ge
 %
 
Figure 17 Office Building's Respondent's Positions in their Organizations 
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5.1.6.2 Section Two:  Assessment of the BMS' Challenges 
The second section of the questionnaire focused on the evaluation of the identified thirty 
two challenges that could potentially affect the implementation of the building 
management during the life cycle of the office buildings. These challenges were arranged 
in three categories. Based on their areas of specialization (design engineers, contractor 
engineers and facility management personnel), the respondents were asked to determine 
the importance of the identified challenges by selecting one of five assessment  terms 
namely; “Extreme Effect (1)”, “Strong Effect (2)”, “Moderate effect (3)", "Slight 
Effect(4)” and “Does Not Effect(5)”. 
The received data is analyzed to calculate the importance index and the rate of 
importance for each identified challenge by using the following formula (Dominowski 
1980): 
Importance index I =  
∑ 𝑎𝑖𝑥𝑖𝑖=04
4∑𝑥𝑖
   × 100 %…………….… (5.1) 
   
To determine the degree of importance according to the respondents’ answers to the 
questionnaire, the following calibration is used:  
The importance index of 0–<12.5% is categorized as ‘‘Does Not Effect’’; 12.5–<37.5% 
is categorized as ‘‘Slight Effect’’, 37.5–<62.5% is categorized as ‘‘Moderate effect’’, 
62.5–<87.5% is categorized as ‘‘Strong Effect’’, and 87.5–100% is categorized as 
‘‘Extreme Effect’’. 
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Microsoft Excel was used to facilitate the process of applying the previous equation to 
all identified challenges. Table 3 illustrates a summary of the assessed challenge's 
importance index values and their rate of importance. 
 
Table 3 Assessed Challenges' Importance Indexes and Rate of Importance 
Challenges Influencing 
the Successful 
Implementation of BMS 
A/E Firms' 
Respondents 
Construction 
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Office 
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A. Challenges pertaining to the design and briefing phases 
1 Lack of clients' involvement in the briefing process. 93.2 
Extreme 
Effect 
    
2 Lack of end-user' involvement in the briefing process. 77.3 
Strong 
Effect 
    
3 
Unfamiliarity of the brief 
developer's with the technical 
requirements of BMS. 
63.6 
Strong 
Effect 
    
4 Insufficient technical experience of the client with the BMS. 62.5 
Strong 
Effect 
    
5 Absence of commissioning practices during the briefing process. 54.5 
Moderate 
Effect 
    
6 Poor communication between the client and the brief developer  54.5 
Moderate 
Effect 
    
7 Provision of sub-optimal requirements of the BMS. 87.5 
Extreme 
Effect 
    
8 Inappropriate selection of the  A/E team. 95.5 
Extreme 
Effect 
    
9 
Lack of sub-contractor's 
involvement in the design of BMS 
as "a design-assist". 
63.6 
Strong 
Effect 
    
10 Absence of commissioning practices during the design process. 53.4 
Moderate 
effect 
    
11 Inappropriate selection of the BMS. 95.5 Extreme Effect 
    
B. Challenges pertaining to the installation,   acceptance, and warranty 
phases 
1 Inappropriate selection of subcontractors to install the BMS. 
  93.5 Extreme Effect 
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2 Inappropriate selection of  the BMS suppliers. 
  89.8 Extreme Effect 
  
3 
Inadequate review of the BMS 
submittals and shop drawing 
provided by subcontractors. 
  
79.6 
Strong 
Effect 
  
4 Frequent change orders due to client's demands 
  73.1 Strong Effect 
  
5 Provision of incomplete plans and specifications of the BMS. 
  73.1 Strong Effect 
  
6 
Absence of alternative design 
proposals provided by the BMS 
contractors. 
  
53.7 
Moderate 
Effect 
  
7 
Lack of involvement of the 
commissioning agent during the 
installation, acceptance and 
warranty phases.  
  
56.5 
Moderate 
Effect 
  
8 Improper selection of the commissioning agent. 
  55.6 
Moderate 
Effect 
  
9 
Consultant’s supervisors may not 
possess collective experience about 
BMS installation. 
  
73.1 
Strong 
Effect 
  
10 
Lack of coordination and 
collaboration among the project 
team members. 
  
87.0 
Strong 
Effect 
  
11 Lack of end user involvement during commissioning practices. 
  67.6 Strong Effect 
  
C. Challenges pertaining to the operation and maintenance phases 
1 Inadequate initial training for the BMS facility personnel. 
    85.9 Strong 
Effect 
2 Lack of continued training for the BMS facility personnel. 
    59.4 Moderate 
effect 
3 
Lack of adequate technical 
documentation by contractors and 
suppliers. 
    76.6 Strong 
Effect 
4 Poor usability of BMS user interface. 
    53.1 Moderate 
effect 
5 Insufficient staffing for BMS operation. 
    54.7 Moderate 
effect 
6 Lack of adequate BMS retro-commissioning practice 
    59.4 Moderate 
effect 
7 Inadequate re-commissioning of BMS. 
    54.7 Moderate 
effect 
8 Poor operations and maintenance activities. 
    85.9 Strong 
Effect 
9 
Lack of service and technical 
support after installation by 
supplies. 
    76.6 Strong 
Effect 
10 Lack of  certified and trained BMS operators 
    67.2 Strong 
Effect 
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5.1.7 Result Analysis and Findings of Part One  
As discussed in chapter three, the challenges that potentially affect the successful 
implementation of the BMS are divided into three categories based on their nature. Each 
category has several challenges, the respondents to the questionnaire survey did not 
suggest additional significant or relevant challenges to the questionnaire survey. 
Discussion of the result of the assessment with brief description for each challenge is 
presented in the following sections. 
5.1.7.1 Category–A: Challenges Pertaining to the Briefing and Design Phases 
This category includes eleven challenges namely, lack of client's involvement in the 
briefing process, lack of end-user' involvement in the briefing process, unfamiliarity of 
the brief developer's with the technical requirements of BMS, insufficient technical 
experience of the client with the BMS, absence of commissioning practices during the 
briefing process, poor communication between the client and the brief developer 
provision of sub-optimal requirements of the BMS, inappropriate selection of the A/E 
team, lack of sub-contractor's involvement in the design of the BMS as "a design-assist" 
and inappropriate selection of the BMS. The results of evaluation of challenges related to 
this category are discussed as follows:    
5.1.7.1.1 Lack of Clients' Involvement  in the Briefing Process 
Integrating building systems throughout BMS is not a "cookie cutter" deal, because there 
are different building types and different business objectives for private and public-sector 
building clients. Therefore, it is the business drivers of client that shape the approach for 
successfully integrating building systems (Sinopoli,2010).As illustrated in Table 3, this 
challenge comes with an overall importance index of 93.2%. 
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5.1.7.1.2 Lack of End-User' Involvement in the Briefing Process 
End users might be the representatives of the client organization, or they may be 
individuals or groups upon whom the organizations activities depend on, such as their 
clients or visitors (Juaim and Hassanain, 2011). The most important end users that have 
the authority and ability to provide significant contributions in the development the  BMS 
are operation and maintenance staffs and facility mangers (Lowry, 2002; Petze, 1996 and 
Sinopoli, 2010). As illustrated in Table 3, this challenge comes with an overall 
importance index of 77.3%. 
5.1.7.1.3 Unfamiliarity of the Brief Developer's with the Technical Requirements 
of BMS 
Usually the architect is the brief developer and has the responsibilities to develop the 
briefing program for the project as well as generate the architectural design of the project. 
However, not all architects have the knowledge and experiences to be good brief 
developers, Shen and Chung, 2006; Juaim & Hassanain, 2011 stated that "architects, 
being responsible for developing the briefing program, should possess adequate 
experience in other professional disciplines". As illustrated in Table 3, this challenges 
comes with an overall importance index of 63.6%. 
5.1.7.1.4 Insufficient Technical Experience of the Client with the BMS 
The client's high level of technical experience with BMS tends to determine detailed, 
sometimes meticulous performance requirements; on the other hand the essential client's 
performance requirements of the BMS may be overlooked due to the client's low level of 
technical experience with BMS (Schneider, 2005). As illustrated in Table 3, this 
challenge comes with an overall importance index of 62.5%. 
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5.1.7.1.5 Absence of Commissioning Practices during the Briefing Process 
The old understanding of the commissioning practices is a simple testing at the end of the 
construction phase and off course this is not commissioning. The commissioning 
practices should start early at the building briefing to design processes and continue 
throughout construction and startup processes. Appropriate commissioning of the 
building management system is one of the most significant factor that affects the success 
of the BMS (Ellis, 2004; Bourassa and Johnson, 2007). As illustrated in Table 3, this 
challenge comes with an overall importance index of 54.5%. 
5.1.7.1.6 Poor Communication between the Client and the Brief Developer  
Effective communication between the brief developer and the client is one of the critical 
issues that affect the success of the briefing process. Communication problems between 
building clients and the briefing developer due to using different vocabularies is one of 
the challenge that affect the success of the building management systems during the 
briefing process of building management systems (Runde et al., 2010 ; Runde et al., 
2009). As illustrated in Table 3, this challenge comes with an overall importance index of 
54.5%. 
5.1.7.1.7 Provision of Sub-Optimal Requirements of the BMS 
There are many cases that might limit the development of the optimal briefing program of 
the BMS. Some of these cases are; non-uniform documentation of the briefing, 
communication problems between the client and the briefing developer, lack of the 
software support briefing process of the BMS. The development of the optimal client and 
user requirements for BMSs is a significant issue for the future engineering phases of the 
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building management systems (Runde et al., 2010 ; Runde et al., 2009). As illustrated in 
Table 3, this challenge comes with an overall importance index of 87.5 %. 
5.1.7.1.8 Inappropriate Selection of the A/E Team 
The success of the BMS design requires specialized controls knowledge at the level of 
A/E firm's engineers. This knowledge is usually gained throughout adequate hands-on 
training (Ehrlich  and Goldschmidt, 2009). Therefore, the selection of the A/E firm that 
has well trained engineers in the context of the BMS is a critical factor that may drive the 
BMS design to the success. As illustrated in Table 3, this challenge comes with an overall 
importance index of 95.5%. 
5.1.7.1.9 Lack of Sub-Contractor's Involvement in the Design of the BMS as "a 
Design-Assist" 
Unfortunately, the conventional university programs of mechanical or architectural 
engineering degree don't have adequate training on the intricacies of modern building 
management systems. However, due to their daily practices, engineers and control 
technicians of the subcontractors receive this training (Ehrlich and Goldschmidt, 2009). 
As illustrated in Table 3, this challenge comes with an overall importance index of 
63.6%. 
5.1.7.1.10 Absence of Commissioning Practices during the Design Process 
stated that appropriate commissioning of the building management system is one of the 
most significant factors that affects the success of the BMS. During design process of the 
BMSs, the commissioning agent plays a critical role throughout: a) providing ongoing 
assistance in the development of the basis of the design document, b) ensuring that the 
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construction document covers both the client's project requirements and the basis of the 
design documents (Bourassa and Johnson ,2007). As illustrated in Table 3, this challenge 
comes with an overall importance index of 53.4% 
5.1.7.1.11  Inappropriate Selection of the BMS 
Unfortunately, some installed BMS don’t achieve their full potential. Some of the 
required functions are not included and some of the functions are never used. Expected 
cost saving is not achieved. Obviously, there are many reasons behind these problems 
and one of them can be traced back to the inappropriate selection of the contractor, and 
the most important reason is that the system selected was does not match functional and 
technical requirements of the project (Piper, 2002). As illustrated in Table 3, this 
challenge comes with an overall importance index of 95.5% 
5.1.7.2 Category–B: Challenges Pertaining to the Installation, Acceptance, 
and Warranty Phases 
This category includes eleven challenges, namely inappropriate selection of the 
subcontractors to install the BMS, inappropriate selection of the BMS suppliers, 
inadequate reviewing of the BMS submittals and shop drawing provided by 
subcontractors, frequent change orders due to client's demands,  provision of incomplete 
plans and specifications of the BMS, absence of alternative design proposals provided by 
BMS contractors, lack of involvement of the commissioning agent during the installation, 
acceptance, and warranty phases of the BMS, improper selection of the commissioning 
agent, consultant’s supervisors may not possess collective experience about BMS 
installation, lack of coordination and collaboration among the project team members and 
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lack of end user involvement during the commissioning practices. The results of 
evaluation of challenges related to this category are discussed as follows:    
5.1.7.2.1 Inappropriate Selection of the Subcontractors to Install the BMS 
The quality of installing the BMS by subcontractors is more important than the systems 
itself. Selecting the most appropriate subcontractor for installing the BMS is different 
from one project to other (Hillebrand, 2007). As illustrated in Table 3, this challenge 
comes with an overall importance index of 93.5%. 
5.1.7.2.2 Inappropriate Selection of the Suppliers to Install the BMS 
During the selection of the BMS suppliers' many factors should be considered such as  
cost, service, support, quality, and compatibility to open standards. In the paper the 
authors emphasize that for long term success of the BMS, careful and appropriate 
selection of the BMS supplies must be taken into account (Ehrlich and Goldschmidt, 
2008;Mustafa and Bansal, 2002). As illustrated in Table 3, this challenge comes with an 
overall importance index of 89.8%. 
5.1.7.2.3 Inadequate Reviewing of the BMS Submittals and Shop Drawing 
Provided by Subcontractors 
Many problems might arise during installation process of the building management 
system. One of the most important of the many is installing or even delivering incorrect 
equipment to the project site. The main reason behind this is irresponsible approvals for 
submittals provided by subcontractors without adequate reviewing (Cosiol, 2001). As 
illustrated in Table 3, this challenge comes with an overall importance index of 79.6% 
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5.1.7.2.4  Frequent Change Orders Due to Client's Demands  
For BMSs change orders during installation phases, Re-identifying or changing BMS 
specification during installation phases can be as much a sign of trouble as beginning the 
project without clear requirements for client and user (VanDoren, 2009). As illustrated in 
Table 3, this challenge comes with an overall importance index of 73.1%. 
5.1.7.2.5  Provision of Incomplete Plans and Specifications of the BMS 
Failure in providing of complete plans and specifications of the BMS opens ways for the 
BMS's contractors and supplies to provide their interpretations. This can lead to a series 
of problems during installation phases such as cost overruns, disputes, and most 
importantly the BMSs do not match the client's requirements (Cosiol, 2001). As 
illustrated in Table 3, this challenge comes with an overall importance index of 73.1%. 
5.1.7.2.6 Absence of Alternative Design Proposals Provided by the BMS 
Contractors 
Providing alternative design proposals by the BMS contractors can be a huge advantage 
to the client such as ensuring the quality of the BMS installation and reducing its cost. As 
illustrated in Table 3, this challenge comes with an overall importance index of 53.7%. 
5.1.7.2.7  Lack of Involvement of the Commissioning Agent during the 
Installation, Acceptance, and Warranty Phases of the BMS 
During construction, acceptance, and warranty phases, the commissioning agent plays a 
vital role to carry out proper commissioning of the BMS. This role requires to carry out 
functional performance testing, provide support personnel training, documentation, and 
handing it over to the client, and periodically monitor the BMS (Sam, 2010;Schneider, 
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2005). As illustrated in Table 3, this challenge comes with an overall importance index of 
56.5%. 
5.1.7.2.8  Improper Selection of the Commissioning Agent 
Sam (2010) indicated that the selected commissioning agent should have a technical 
knowledge in the type of buildings and systems to be commissioned. In addition to 
technical knowledge, the commissioning agent should have a comprehensive experience 
in the commissioning process, and team-building skills that are essential to lead and 
coordinate the commissioning team. Sohmen (1992) stated that a weak commissioning 
team leader is a key factor that contributes to ineffective commissioning process. As 
illustrated in Table 3, this challenge comes with an overall importance index of 55.6%. 
5.1.7.2.9 Lack of Coordination and Collaboration Among the Project Team 
Members 
The building project industry is categorized as being a highly fragmented industry, 
especially if it is compared it to other engineering industry. One of the most important 
consequence of the fragmentation problem is lack of coordination and collaboration 
among the project team members. This may cause significant low productivity, cost and 
time overruns, conflicts and disputes, resulting in claims and more important the quality 
of the project (Caballero, 2002). As illustrated in Table 3, this challenge comes with an 
overall importance index of 87%. 
95 
 
5.1.7.2.10 Consultant’s Supervisors may not Possess Collective Experience about 
BMS Installation 
Consultants are one of the most important parties in the construction industry. However, 
lack of experience on the supervisory personnel of the consultant is one of the most 
important factors that can case delay in construction projects which is the most common, 
costly, complex and risky problem encountered in construction industry (Alaghbari, et 
al., 2007). As illustrated in Table 3, this challenge comes with an overall importance 
index of 73.1%. 
5.1.7.2.11 Lack of End User Involvement during the Commissioning Practices 
It is very important that the O&M personnel be involved in all commissioning practices, 
so that they can get experience with the BMS before the operation and maintenance phase 
starts and even before the initial training for them begins (Kutsmeda, 2008). As 
illustrated in Table 3, this challenge comes with an overall importance index of 67.6%. 
5.1.7.3 Category– C: Challenges Pertaining to Operation and Maintenance 
Phase 
This category includes ten challenges, namely inadequate initial training for the BMS 
facility personnel, lack of continued training for the BMS facility personnel, lack of 
adequate technical documentation provided by contractors and suppliers ,poor usability 
of the BMS user interface, insufficient staffing for BMS operation, lack of adequate BMS 
retro-commissioning practice, inadequate re-commissioning of BMS, poor operations and 
maintenance activities, lack of service and technical support after installation by suppliers 
, lack of certified and trained BMS operators. The results of evaluation of challenges 
related to this category are discussed as follows:    
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5.1.7.3.1 Inadequate Initial Training for the BMS Facility Personnel 
The initial training of the BMS facility personnel is usually provided by the BMS 
subcontractor/supplier during the acceptance phase of the project (Sam, 2010). The 
training provided by the BMS subcontractor is usually covered technical attributes of the 
installed system such as how access to the system or how to change operating features 
and this is not adequate training (Bourassa and Johnson, 2007). As illustrated in Table 3, 
this challenge comes with an overall importance index of 85.9%. 
5.1.7.3.2 Lack of Continued Training for the BMS Facility Personnel    
Improper subcontractors, and inadequate initial training are critical challenges that limit 
the success of the BMS project. The next important challenge for long team success of 
the BMS is the lack of ongoing training for its personnel (Petze, 1996). As illustrated in 
Table 3, this challenge comes with an overall importance index of 59.4%. 
5.1.7.4 Lack of Adequate Technical Documentations Provided by Contractors and 
Suppliers 
All too often for BMS, as-built drawings are not modified, staying the same as original 
submittal drawings, and O&M manuals are only copies of the general information of the 
installed equipment (Schneider, 2005). Availability of adequate technical documentations 
is critical information for successful operation and maintenance of the BMS (Zeitoon, 
2011). As illustrated in Table 3, this challenge comes with an overall importance index of 
76.6%.  
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5.1.7.5 Insufficient Staffing for the BMS Operation 
One of the common misconceptions is that the BMS operates by itself. The result of this 
misconception is an extensive belief that the BMS is a labor-saving system. Although 
most of the BMS is automatic and the system will increase facility operational and 
maintenance efficiency, a BMS cannot be implemented and forgotten. As illustrated in 
Table 3, this challenge comes with an overall importance index of 54.7%.  
5.1.7.6 Poor Usability of the BMS User Interface   
Poor usability of the BMS users interface is one of the challenge that affects the 
successful operation of the BMS. They add that many BMS users don't use it on a regular 
basis as a technique to optimize the buildings, and the main reasons behind that are 
training and usability (Ehrlich and Goldschmidt, 2011; Penner and Steinmetz, 2002; 
Makarechi and Kangari, 2011; McKew, 2001). As illustrated in Table 3, this challenge 
comes with an overall importance index of 53.1%. 
5.1.7.7  Lack of Service and Technical Support After Installation by Suppliers 
Several service and technical support can and should be provided after installation by 
BMS suppliers such as repair and replacement parts, upgrading, training, and re-
commissioning. Local service and technical support are a critical factor for any attempt to 
optimize a BMS as a successful business tool (Katzel, 1998). As illustrated in Table 3, 
this challenges comes with an overall importance index of 76.6%. 
5.1.7.8  Poor Operations and Maintenance Activities  
O&M activities include day to day and long term activities such as preparing an O&M 
budget, carrying out preventive maintenance, processing material request forms, 
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processing work orders, etc. The effective O&M activities are pre-requisite to ensure 
successful operation and maintenance of the building management system (Zeitoon, 
2011). As illustrated in Table 3, this challenge comes with an overall importance index of 
85.9%. 
5.1.7.9 Lack of Adequate BMS Retro-commissioning  
Sam (2010) indicated that the results of (Lawrence Berkeley National Laboratory) study 
of 60 facilities showed that 25% of the BMS are not operating correctly. As a result of 
this, the author emphasizes that the building management systems retro-commissioning 
are critical to meet their intended design potential and to ensure their effective 
performance over time. As illustrated in Table 3, this challenge comes with an overall 
importance index of 59.4%. 
5.1.7.10  Lack of Certified and Trained BMS Operators 
Facility owners and managers stated a growing concern that a lack of certified and well 
trained building operators is looming. The skill sets required are changing such as 
comfort with technology, good English skills and a level of computer proficiency are a 
basic requirement for facility operating with ever more complex system controls (Lewis 
et al., 2010). As illustrated in Table 3, this challenge comes with an overall importance 
index of 67.2%. 
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5.2 Part-Two: (G-AHP) Questionnaire Survey 
5.2.1 Introduction 
The second objective of this study is to prioritize the influential challenges that impact 
the successful implementation of BMS during the design and briefing, installation and 
operation and maintenance stages throughout utilizing the (G-AHP) method. This 
objective has been achieved through two phases. Phase one is structuring the hierarchy of 
the challenges. Phase two focuses on carrying out pairwise comparison of the identified 
challenges. The following sections include textual description of the previous phases.    
5.2.2 Structuring the Hierarchy    
The purpose of this phase is to structure a hierarchy and arrange the influential challenges 
that were identified in the previous objective from the top level (goal) to the intermediate 
levels (challenges) and the lowest level (sub-challenges). The following diagram 
illustrates the hierarchy of challenges.  
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5.2.3 Pairwise Comparison Matrixes Survey 
In this phase pairwise comparison method was carried to develop (GAHP) conceptual 
framework for prioritizing the influential challenges that influence the successful 
implementation of BMS. In order to do this, pairwise comparison method consisted of the 
following parts: 
• Part one: Development of pairwise comparison matrixes survey. 
• Part two: Pilot-testing of pairwise comparison matrixes survey.   
• Part three: Distribution of pairwise comparison matrixes survey.  
• Part four: Analysis of pairwise comparison's survey results. 
5.2.3.1  Part One: Development of Pairwise Comparison Matrixes Survey  
The developed pairwise comparison matrixes survey will be composed of two main 
sections. The first section gathers general information about the BMS experts .The 
second section of the comparison matrixes (four matrixes) survey will allow the BMS' 
experts to assign the degree of effect for each of the identified challenges in terms of 
which challenge or sub-challenge dominates the other by using Saaty's 1-9 scales. The  
pairwise comparison matrixes questionnaires survey are shown in Appendix III. 
5.2.3.2  Part Two: Pilot-Testing of the Pairwise Comparison Matrixes Survey 
The developed questionnaire surveys were pilot-tested by a samples of two BMS's 
experts in the Eastern Province of Saudi Arabia for purposes of :  
• Checking the adequacy of the survey's questions.   
• Determining locations of ambiguity in the survey. 
• Estimating the time needed to complete the survey. 
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• Checking the level of editing the survey themes pages (space for 
answering, font's size  ...etc.). 
5.2.3.3  Part three: Distribution of pairwise comparison matrixes survey 
Six experts in BMS design, installation, and operation and maintenance (two experts of 
design professionals in (A/E) firms, two experts of installation professionals in 
construction firms and two experts of operation and maintenance professionals in office 
buildings) in the Eastern province of Saudi Arabia were asked to assign the weights for 
each category of challenges and the sub-challenges within each with respect to upper 
levels by using Saaty's 1-9 scales. The determination of the questionnaire survey 
respondents (BMS' experts) will be based on questionnaires survey of the preview stage 
by selecting six respondents with the largest number of years of experience. 
5.2.3.4  Part Four: Analysis of Pairwise Comparison's Survey Results 
The analysis of pairwise comparison's survey results led to developing (GAHP) 
conceptual framework (model) for prioritizing the influential challenges and sub-
challenges that influence the successful implementation of BMS. Fortunately, several 
professional commercial software have been developed to estimate the consistency ratio 
and prioritize the categories of challenges and the sub-challenges within each category, 
such as Super Decisions and Expert Choice. In this study, Expert Choice was used to 
calculate the consistency ratio and prioritize the influential challenges and sub-challenges 
that influences the successful implementation of BMS. The following steps were carried 
out to analyze the pairwise comparison's survey results: 
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• Group-AHP  
The development of the (GAHP) conceptual framework for prioritizing the influential 
challenges and sub-challenges that influences the successful implementation of BMS 
requires that the weights of each challenge and sub-challenge for each BMS' expert must 
to be calculated in geometrical average. The following formula is used to calculate the 
geometrical average will be used (Kazemi and Allahyari, 2010): 
Xij�∏ × ijIkI=1 �1 k�  …………….… (5.2) 
i, j = 1,2, … . , n, i ≠ j, I = 1,2,3, … , k 
Where I = Decision maker number, 
and k= the number of decision maker 
 
Comparing categories and challenges of the BMS' experts are reflected in Tables (4-7).   
 
•    Calculation of the Consistency ratio (CR)   
The consistency ratio mainly describes the degree of consistency with the judgments. The 
higher the consistency ratio, the lesser the consistency within the judgments, while the 
lower the consistency ratio the higher consistency of the collected judgments. Therefore, 
CR value must not exceed 0.10. If it does, the judgment should be reviewed and 
improved  (Kazemi and Allahyari, 2010). Table 8 reflect the Consistency ratio of the 
categories and challenges that adversely affect the implementation of the BMS during the 
life cycle of the office buildings. 
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Table 4 Comparing Categories with Respect to Goal 
 CBD#0 CIAW# 0 OM#0 
CBD#0 1 1.89485 1.58858 
CIAW# 0  1 3.51623 
OM#0   1 
 
 
Table 5 Comparing Challenges with Respect to CIAW# 0 
 CBD#1 CBD#2 CBD#3 CBD#4 CBD#5 CBD#6 CBD#7 CBD#8 CBD#9 CBD# CBD#11 
CBD#1 1 1.86441 2.26443 2.35693 1.63759 2.44949 1.16499 1.81712 2.63667 1.74846 2.32215 
CBD#2  1 2.33801 3.10723 1.38775 1.08887 1.23799 1.34347 1.86194 1.16499 2.87694 
CBD#3   1 1.73205 1.7320 1.2849 2.85364 3.01824 1.90637 1.01982 3.45974 
CBD#4    1 2.11694 1.08148 2.5099 3.27107 1.57042 1.44225 4.39929 
CBD#5     1 1.12246 2.11693 2.43802 1.08887 2.26493 3.67156 
CBD#6      1 1.88597 4.9727 1.16499 2.90419 4.69802 
CBD#7       1 1.80861 1.94416 3.32447 3.1881 
CBD#8        1 3.81583 1.42576 3.2666 
CBD#9         1 1.20094 4.11566 
CBD#10          1 5.07128 
CBD#11           1 
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Table 6 Comparing Challenges with Respect to CBD#0 
 CIAW#1 CIAW#2 CIAW#3 CIAW#4 CIAW#5 CIAW#6 CIAW#7 CIAW#8 CIAW#9 CIAW#10 CIAW#11 
CIAW#1 1 1.76273 2.5423 3.22925 3.76206 4.33266 4.29757 4.29757 3.51623 3.51623 2.85364 
CIAW#2  1 1.73205 2.49288 2.76823 3.47603 4.33266 3.10723 2.58734 2.37618 1.78549 
CIAW#3   1 1.16499 1.42387 4.3178 2.37618 2.37618 2.11693 1.34801 1.68021 
CIAW#4    1 1.03789 2.24195 1.3896 1.03789 1.30326 1.20094 2.5099 
CIAW#5     1 3.09679 1.76273 2,2787 1.10292 1.0887 1.2849 
CIAW#6      1 2.11693 1.27021 1.3869 2.96177 2.06171 
CIAW#7       1 1.1872 1.4678 1.9786 1.48678 
CIAW#8        1 1.49579 1.73205 1.3896 
CIAW#9         1 2.9356 2.60847 
CIAW#10          1 2.22004 
CIAW#11           1 
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Table 7 Comparing Challenges with Respect to OM#0 
 OM#1 OM#2 OM#3 OM#4 OM#5 OM#6 OM#7 OM#8 OM#9 OM#10 
OM#1 1 2.65467 1.12246 3.0041 2.10982 1.69043 3.21413 1.5768 1.08887 1.98541 
OM#2  1 1.38309 1.88597 1.20094 1.14235 1.70998 1.63759 1.52544 1.0 
OM#3   1 2.37618 2.57864 1.661 1.661 1.78312 1.12246 1.97195 
OM#4    1 1.05628 2.03009 2.97977 5.31794 2.84027 1.59069 
OM#5     1 2.11693 1.37189 1.83196 2.57864 1.20094 
OM#6      1 1.9786 2.10982 1.86441 2,22091 
OM#7       1 3.1099 1.93505 1.25992 
OM#8        1 1.48477 1.83196 
OM#9         1 1.48477 
OM#10          1 
 
 
Table 8 list of Consistency Ratio 
Comparing categories and challenges  
With respect to Consistency ratio  
Goal 0.0025 
CBD#0 0.03 
CIAW# 0 0.03 
OM#0 0.02 
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5.2.4 Result Analysis and Findings of Part Two 
As discussed in chapter three of this study, the challenges that might potentially affect the 
successful implementation of the BMS are divided into three categories based on their 
nature. Each category has several challenges. Six experts were asked to weight and rank 
the categories and their relevant challenges. The opinion of the six experts is reflected in 
tables (4-7). Table 8 illustrates consistency ratio for categories and their relevant 
challenges. The value of CR (for categories and challenges) does not exceed 0.1, thus, the 
consistency ratio is acceptable. The overall ranking of categories is presented in Figure 
19. The finding is presented in bar chart form, and its presents the ranking of the 
categories from the most effective to the least effective. As illustrated, the highest weight 
was given to challenges pertaining to the installation, acceptance, and warranty phases 
that had a weight of 0.555, then challenges pertaining to the briefing and design phases 
that had a weight of 0.278, and the lowest weight was given to challenges pertaining to 
the operation and maintenance phases. Discussion of assessment of the results for each 
categories is presented in the following sections. 
 
 
 
 
 
 
 
Figure 19 The Weights of Main Categories 
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5.2.4.1 Challenges pertaining to the briefing and design phases (CBD#0) 
The overall ranking of challenges pertaining to the briefing and design phases is 
illustrated in Figure 20. The collected data is presented in bar chart form, and it 
represents the different challenges from the most effective to the least effective. As 
demonstrated by the BMS experts, the highest weight was given to inappropriate 
selection of the BMS challenges that had a weight of 0.249, then inappropriate selection 
of A/E team challenge that had a weight of 0.144, followed by lack of clients' 
involvement in the briefing process challenge that had a weight of 0.107 and the lowest 
weight was given to lack of sub-contractor's involvement in the design of BMS as "a 
design-assist" challenge that had a weight of 0.042. With this analysis, inappropriate 
selection of the BMS, inappropriate selection of A/E team challenges, lack of clients' 
involvement in the briefing process challenges are considered relatively effective with 
regard to challenges pertaining to the briefing and design phases category.  
 
 
 
 
 
Figure 20 Challenges Pertaining to the Briefing and Design Phases 
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5.2.4.2 Challenges Pertaining to the Installation, Acceptance, and Warranty Phases 
(CIAW# 0) 
The overall ranking of challenges pertaining to the installation, acceptance, and warranty 
phases is illustrated in Figure 21. The collected data is presented in bar chart form, and 
represent the different challenges from the most effective to the least effective. As 
demonstrated by BMS experts, the highest weight was given to inappropriate selection of 
sub-contractors to install the BMS challenge that had a weight of 0.228, then 
inappropriate selection of BMS suppliers challenge that had a weight of 0.162, followed 
by inadequate review of BMS submittals and shop drawing provided by sub-contractors 
challenge that had a weight of 0.102 and the lowest weight was given to absence of 
alternative design proposals provided by BMS contractors challenge that had a weight of 
0.034. With this analysis inappropriate selection of sub-contractors, inappropriate 
selection of BMS suppliers and inadequate review of BMS submittals and shop drawing 
provided by sub-contractors challenges are considered relatively important with regard to 
challenges pertaining to the installation, acceptance, and warranty phases' category. 
Challenges Pertaining to the Installation,Acceptance, and Warranty Phases 
 
 
 
 
 
Figure 21 Challenges Pertaining to the Installation, Acceptance, and Warranty Phases 
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5.2.4.3 Challenges pertaining to the operation and maintenance phase (OM#0) 
The overall ranking of challenges pertaining to the operation and maintenance phase is 
illustrated in Figure 22. The collected data is presented in bar chart form, and represent 
the different challenges from the most effective to the least effective. As demonstrated by 
BMS' experts, the highest weight was given to Poor operations and maintenance (O&M) 
activities challenge that had a weight of 0.173, then inadequate initial training for BMS 
facility personnel challenge that had a weight of 0.155, followed by Non-availability of 
service and technical support after installation by suppliers challenge that had a weight of 
0.135 and the lowest weight was given to poor usability of BMS user interface challenge 
that had a weight of 0.043. With this analysis, inadequate initial training for BMS facility 
personnel, inadequate initial training for BMS facility personnel and Non-availability of 
service and technical support after installation by supplies challenges are considered 
relatively important with regard to challenges pertaining to the operation and 
maintenance phase category. 
 
Figure 22 Challenges Pertaining to the Operation and Maintenance Phase 
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5.3 Part-Three: Analysis of the Case Studies to Validate the 
Developed Model 
5.3.1 Introduction 
The third objective of this study is to carry out a series of case studies to validate the 
developed model. This objective has been achieved in two phases, described as follows,  
         Phase-I: Selecting office buildings samples.  
         Phase-II: Conducting interviews with selected office building's facility managers 
and BMS operators. 
 
5.3.2 Selecting Office Buildings Samples 
Eight office buildings equipped with BMSs in the Eastern Province of Saudi Arabia were 
selected, the basic prerequisite that must be met in BMS of the selected case studies is the 
controlling and/or monitoring at least for subsystems.        
5.3.3 Conducting Interviews   
Interviews were conducted with selected building's facility managers and BMS operators 
to prioritize the challenges that influences BMS operation and maintenance in their 
buildings. The Spearman’s rank correlation coefficient (rs)  has been used to determine 
and test the level of agreement between the developed model .It was calculated at a 95% 
confidence level. The results of the test present that, the level of the agreement between 
the developed model and case studies are varied from "too low to be meaningful" to 
"Weak to low", except two case studies represent a level of the agreement of "strong" 
and "moderate". Tables (9-16) show the results of the Spearman’s rank correlation 
coefficient for the eight case studies. 
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5.3.3.1 Case Study No.1 
From Table 9, rs value = 0.10. So, it can be noticed that the level of agreement between 
the developed G-AHP model and the case study is too low to be meaningful. This value 
of the rs reflected that the implementation of the BMS in case study (1) is facing the 
challenges of the low rank in the developed G-AHP model. 
Table 9 (rs) for Case Study No.(1) 
CHALLENGES PERTAINING TO THE OPERATION 
AND MAINTENANCE PHASES 
G
-A
H
P 
R
A
N
K
 
C
A
U
SE
 
ST
U
D
Y
(1
)  
r s 
IN
T
E
R
PR
ET
IO
N
 
Poor operations and maintenance activates 1 9  
Inadequate initial training for the BMS facility personnel 2 10 
Lack of service and technical support after installation by supplies 3 5 
Lack of adequate technical documentation provided by contractors 
and suppliers 4 2 
Inadequate re-commissioning of BMS 5 1 
Lack of adequate BMS retro-commissioning practice 6 3 
Lack of continued training for the BMS facility personnel 7 4 
Lack of certified and trained BMS operators 8 6 
Insufficient staffing for the BMS operation 9 7 
Poor usability of the BMS user interface 10 8 
rs - 0.10 
Too low to 
be 
meaningful 
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5.3.3.2 Case Study No.2 
From Table 10, rs value = 0.70. So, it can be noticed that the level of agreement between 
the developed G-AHP model and the case study is strong. This value of the rs reflected 
that the implementation of the BMS in case study (2) is facing the challenges of the 
moderate rank in the developed G-AHP model. 
Table 10 (rs) for Case Study No.(2) 
CHALLENGES PERTAINING TO THE OPERATION 
AND MAINTENANCE PHASES 
G
-A
H
P 
R
A
N
K
 
C
A
U
SE
 
ST
U
D
Y
(2
)  
r s 
IN
T
E
R
PR
ET
IO
N
 
Poor operations and maintenance activates 1 4  
Inadequate initial training for the BMS facility personnel 2 1 
Lack of service and technical support after installation by supplies 3 3 
Lack of adequate technical documentation provided by contractors 
and suppliers 4 2 
Inadequate re-commissioning of BMS 5 9 
Lack of adequate BMS retro-commissioning practice 6 8 
Lack of continued training for the BMS facility personnel 7 6 
Lack of certified and trained BMS operators 8 5 
Insufficient staffing for the BMS operation 9 7 
Poor usability of the BMS user interface 10 10 
rs - 0. 70 Strong 
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5.3.3.3 Case Study No.3 
From Table 11, rs value = 0.18. So, it can be noticed that the level of agreement between 
the developed G-AHP model and the case study is weak to low. This value of the rs 
reflected that the implementation of the BMS in case study (3) is facing the challenges of 
the low rank in the developed G-AHP model. 
Table 11 (rs) for Case Study No.(3) 
CHALLENGES PERTAINING TO THE OPERATION 
AND MAINTENANCE PHASES 
G
-A
H
P 
R
A
N
K
 
C
A
U
SE
 
ST
U
D
Y
(3
)  
r s 
IN
T
E
R
PR
ET
IO
N
 
Poor operations and maintenance activates 1 6  
Inadequate initial training for the BMS facility personnel 2 1 
Lack of service and technical support after installation by supplies 3 7 
Lack of adequate technical documentation provided by contractors 
and suppliers 4 4 
Inadequate re-commissioning of BMS 5 9 
Lack of adequate BMS retro-commissioning practice 6 5 
Lack of continued training for the BMS facility personnel 7 2 
Lack of certified and trained BMS operators 8 8 
Insufficient staffing for the BMS operation 9 10 
Poor usability of the BMS user interface 10 3 
rs - 0.18 Weak to low 
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5.3.3.4 Case Study No.4 
From Table 12, rs value = 0.20. So, it can be noticed that the level of agreement between 
the developed G-AHP model and the case study is weak to low. This value of the rs 
reflected that the implementation of the BMS in case study (4) is facing the challenges of 
the low rank in the developed G-AHP model. 
Table 12 (rs) for Case Study No.(4) 
CHALLENGES PERTAINING TO THE OPERATION 
AND MAINTENANCE PHASES 
G
-A
H
P 
R
A
N
K
 
C
A
U
SE
 
ST
U
D
Y
(4
)  
r s 
IN
T
E
R
PR
ET
IO
N
 
Poor operations and maintenance activates 1 10  
Inadequate initial training for the BMS facility personnel 2 3 
Lack of service and technical support after installation by supplies 3 1 
Lack of adequate technical documentation provided by contractors 
and suppliers 4 5 
Inadequate re-commissioning of BMS 5 4 
Lack of adequate BMS retro-commissioning practice 6 7 
Lack of continued training for the BMS facility personnel 7 2 
Lack of certified and trained BMS operators 8 6 
Insufficient staffing for the BMS operation 9 9 
Poor usability of the BMS user interface 10 8 
rs - 0.20 Weak to low 
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5.3.3.5 Case Study No.5 
From Table 13, rs value = 0.04. So, it can be noticed that the level of agreement between 
the developed G-AHP model and the case study is too low to be meaningful. This value 
of the rs reflected that the implementation of the BMS in case study (5) is facing the 
challenges of the low rank in the developed G-AHP model. 
Table 13 (rs) for Case Study No.(5) 
CHALLENGES PERTAINING TO THE OPERATION 
AND MAINTENANCE PHASES 
G
-A
H
P 
R
A
N
K
 
C
A
U
SE
 
ST
U
D
Y
(5
)  
r s 
IN
T
E
R
PR
ET
IO
N
 
Poor operations and maintenance activates 1 4  
Inadequate initial training for the BMS facility personnel 2 3 
Lack of service and technical support after installation by supplies 3 5 
Lack of adequate technical documentation provided by contractors 
and suppliers 4 7 
Inadequate re-commissioning of BMS 5 9 
Lack of adequate BMS retro-commissioning practice 6 10 
Lack of continued training for the BMS facility personnel 7 6 
Lack of certified and trained BMS operators 8 1 
Insufficient staffing for the BMS operation 9 2 
Poor usability of the BMS user interface 10 8 
rs - 0.04 
Too low to 
be 
meaningful 
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5.3.3.6 Case Study No.6 
From Table 14, rs value = 0.09. So, it can be noticed that the level of agreement between 
the developed G-AHP model and the case study is too low to be meaningful. This value 
of the rs reflected that the implementation of the BMS in case study (6) is facing the 
challenges of the low rank in the developed G-AHP model. 
Table 14 (rs) for Case Study No.(6) 
CHALLENGES PERTAINING TO THE OPERATION 
AND MAINTENANCE PHASES 
G
-A
H
P 
R
A
N
K
 
C
A
U
SE
 
ST
U
D
Y
(6
)  
r s 
IN
T
E
R
PR
ET
IO
N
 
Poor operations and maintenance activates 1 10  
Inadequate initial training for the BMS facility personnel 2 9 
Lack of service and technical support after installation by supplies 3 1 
Lack of adequate technical documentation provided by contractors 
and suppliers 4 2 
Inadequate re-commissioning of BMS 5 5 
Lack of adequate BMS retro-commissioning practice 6 6 
Lack of continued training for the BMS facility personnel 7 4 
Lack of certified and trained BMS operators 8 3 
Insufficient staffing for the BMS operation 9 7 
Poor usability of the BMS user interface 10 8 
rs - 0.09 
Too low to 
be 
meaningful 
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5.3.3.7 Case Study No.7 
From Table 15, rs value = 0.04. So, it can be noticed that the level of agreement between 
the developed G-AHP model and the case study is too low to be meaningful. This value 
of the rs reflected that the implementation of the BMS in case study (7) is facing the 
challenges of the low rank in the developed G-AHP model. 
Table 15 (rs) for Case Study No.(7) 
CHALLENGES PERTAINING TO THE OPERATION 
AND MAINTENANCE PHASES 
G
-A
H
P 
R
A
N
K
 
C
A
U
SE
 
ST
U
D
Y
(7
)  
r s 
IN
T
E
R
PR
ET
IO
N
 
Poor operations and maintenance activates 1 10  
Inadequate initial training for the BMS facility personnel 2 9 
Lack of service and technical support after installation by supplies 3 1 
Lack of adequate technical documentation provided by contractors 
and suppliers 4 2 
Inadequate re-commissioning of BMS 5 5 
Lack of adequate BMS retro-commissioning practice 6 6 
Lack of continued training for the BMS facility personnel 7 4 
Lack of certified and trained BMS operators 8 3 
Insufficient staffing for the BMS operation 9 7 
Poor usability of the BMS user interface 10 8 
rs - 0.04 
Too low to 
be 
meaningful 
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5.3.3.8 Case Study No.8 
From Table 16, rs value = 0.53. So, it can be noticed that the level of agreement between 
the developed G-AHP model and the case study is moderate. This value of the rs  
reflected that the implementation of the BMS in case study (8) is facing the challenges of 
the moderate rank in the developed G-AHP model. 
Table 16 (rs) for Case Study No.(8) 
CHALLENGES PERTAINING TO THE OPERATION 
AND MAINTENANCE PHASES 
G
-A
H
P 
R
A
N
K
 
C
A
U
SE
 
ST
U
D
Y
(8
)  
r s 
IN
T
E
R
PR
ET
IO
N
 
Poor operations and maintenance activates 1 8  
Inadequate initial training for the BMS facility personnel 2 1 
Lack of service and technical support after installation by supplies 3 3 
Lack of adequate technical documentation provided by contractors 
and suppliers 4 2 
Inadequate re-commissioning of BMS 5 4 
Lack of adequate BMS retro-commissioning practice 6 9 
Lack of continued training for the BMS facility personnel 7 5 
Lack of certified and trained BMS operators 8 6 
Insufficient staffing for the BMS operation 9 7 
Poor usability of the BMS user interface 10 10 
rs - 0.53 Moderate 
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6 CHAPTER 6 
RECOMMENDED PLAN OF ACTION   
6.1 Introduction  
 
This chapter presents the proposed recommendations, a summary and a conclusion of the 
study. The last objective of this study is to develop a plan of actions to facilitate the 
implementation of the BMS during the life cycle of office buildings in Saudi Arabia. The 
developed plan of actions is based on knowledge from the literature and the interviews 
that were conducted with a selected sample of BMS' designers, contractors and operators 
in the Eastern Province of Saudi Arabia.  
6.2  Summary of the Study 
 
This study consists of four objectives namely, to investigate and evaluate the challenges 
that influence the successful implementation of BMS during the life cycle of office 
building projects, and to develop a Group Analytic Hierarchy Process (G-AHP) model 
for prioritizing the challenges, to carry out a series of case studies to validate the 
developed model, and to develop a plan of action to facilitate the identified challenges. 
The methodology adopted to achieve these objectives consists of four main phases. First, 
the study focused on investigating and evaluating the challenges that influence the 
successful implementation of BMS during the life cycle of office building projects. The 
study focused on acquiring the challenges through extensive literature review. Then, 
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interviews were conducted with 12 BMS' designers, contractors and operators in the 
Eastern Province of Saudi Arabia. The literature review and interviews resulted in 
identifying 32 challenges which were classified and grouped under six main categories 
and the current local practices of the procedures followed in designing, installation and 
operating and maintaining the BMS in office buildings. The identified 32 challenges were 
evaluated to mainly allow participants to add more challenges. This phase was conducted 
through the development of a five likert questionnaire survey. The questionnaire was 
developed, tested and distributed and then collected from 65 participants in the Eastern 
Province of Saudi Arabia. 
Second, the identified 32 challenges were evaluated in order to prioritize them. This 
phase was conducted through the development of the pairwise comparison questionnaire 
survey. The questionnaire was developed, tested and distributed and then collected from 
6 BMS experts from Eastern Province of Saudi Arabia. 
Third, the developed G-AHP model aims to prioritize the identified 32 challenges and 
their categories. The proposed model was validated throughout conducting 8 case studies 
in the Eastern Province of Saudi Arabia. 
Finally, a plan of action to facilitate the identified challenges was developed. Areas of 
future research are also highlighted. 
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6.3 Conclusion 
 
The following conclusions were made: 
• The results of the study indicated that due to the high fragmentation of the 
building industry, large numbers of challenges are inherent that could influence 
the process of implementing the building management system.  
• Investigation of the challenges influencing the process of implementing the BMS 
during the life cycle of the office buildings is critical for the successful 
implementation of the building management system and all different smart 
building systems exist in the Saudi Arabia market. 
• Reviewing and synthesizing various knowledge fields on the BMS 
implementation highlighted in international literature sources and local interviews 
with BMS' experts resulted in recognizing thirty-two challenges classified and 
grouped under three main categories. 
• The five likert questionnaire survey was administered in the Eastern Province of 
Saudi Arabia for the purpose of evaluation of the identified challenges. 
• The required sample size for evaluating the identified challenges were 22 A/E 
Firms, 25 construction firms, and 16 office buildings. The distributed 
questionnaire surveys were 30 for A/E Firms, 30 for construction firms, and 20 
for office buildings' respondents. The collected questionnaire surveys were 24 
from A/E Firms, 28 from construction firms, and 16 from office buildings' 
respondents. The analyzed questionnaire surveys were 22 for A/E Firms' 
respondents, 27 from construction firms' respondents, and 16 from office 
buildings' respondents.      
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• The evaluation results indicated that all challenges were evaluated as either 
''extreme effect" or "strong effect" or "moderate effect". It confirmed that the 
identified challenges can have negative influence on the implementation of the 
new BMS projects in office buildings in Saudi Arabia.  
• The pairwise comparison questionnaire survey was developed, administered and 
collected from 6 BMS' experts in the Eastern Province of Saudi Arabia for the 
purpose of prioritizing of the identified challenges and their categories.   
• The assessment results of the G-AHP model indicated that the highest weight was 
given to challenges pertaining to the installation, acceptance, and warranty phases 
that had a weight of 0.555, then challenges pertaining to the briefing and design 
phases that had a weight of 0.278, and the lowest weight given to challenges 
pertaining to the operation and maintenance phases. 
• The assessment results of the challenges pertaining to the installation, acceptance, 
and warranty phases indicated that the highest weight was given to the 
inappropriate selection of sub-contractors to install the BMS challenge that had a 
weight of 0.228, then inappropriate selection of BMS suppliers challenge that had 
a weight of 0.162, followed by inadequate review of BMS submittals and shop 
drawing provided by sub-contractors challenge that had a weight of 0.102. 
• The assessment results of the challenges pertaining to the briefing and design 
phases indicated that the highest weight given to inappropriate selection of the 
BMS challenges that had a weight of 0.249, then inappropriate selection of A/E 
team challenge that had a weight of 0.144, followed by lack of clients' 
involvement in the briefing process challenge that had a weight of 0.107. 
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•  The assessment results of the challenges pertaining to the operation and 
maintenance phases indicated the highest weight was given to poor operations and 
maintenance activities challenge that had a weight of 0.173, then inadequate 
initial training for BMS facility personnel challenge that had a weight of 0.155, 
followed by Non-availability of service and technical support after installation by 
supplies challenge that had a weight of 0.135. 
• The developed model of the challenges pertaining to O&M phase has been 
validated through the conducted eight case studies. The results of the spearman’s 
rank correlation coefficient present that, the level of the agreement between the 
developed model and case studies are varied from "too low to be meaningful" to 
"Weak to low", except two case studies present a level of the agreement of 
"strong" and "moderate". 
• The level of agreement between the developed model and the majority of the case 
studies reflected that, the implementation of the BMS in them is facing the 
challenges of the low rank in the developed G-AHP model. 
• Despite the presence of a large numbers of studies that confirm the importance of 
commissioning and re-commissioning practices of the building management 
system for effective design, installation and operation, the findings of the study 
indicated that lack of commissioning and re-commissioning practices have low 
weight in comparison to other challenges.  
• The identified challenges can be adapted and applied for any project type and not 
only the office building projects. 
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6.4 Recommended Plan of Action  
 
6.4.1 A/E Team Selection 
It is recommended that a selection method such as (fuzzy decision making method) be 
used as a guide in reviewing the qualifications of different A/E candidate teams. 
Professional Engineering and Architectural Associations (PEAA) such as AIA (American 
Institute of Architects) have developed  performance guidelines for various disciplines,  
such guidelines should be considered during the selection process (Nguyen et al., 2008).    
6.4.2 BMS Selection  
It is recommended that a selection model (such as the AHP and ANP decision making 
model) should be used to support the selection process of the BMS. (Wong and Li, 2008) 
developed AHP model to analyze and select the building systems in intelligent buildings, 
such model can be considered by the decision maker during the selection process of the 
BMS. 
6.4.3 Commissioning Practices of the BMS 
Several studies indicated that appropriate commissioning of the BMS is one of the most 
significant factors that affects the success of the BMS (Ellis, 2004; Bourassa and 
Johnson, 2007). Unfortunately, the general understanding of the commissioning practices 
is a simple testing at the end of the construction phase and by all means this is not 
appropriate commissioning. So, it is recommended that the client should integrate the 
commissioning practices from the early stages of the project to construction and startup 
stages. Buildings designers, contractors and commissioning services providers should 
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encourage their clients to start the commissioning practices from the early stages of the 
project.    
6.4.4 Briefing Process   
Many studies indicated that a proper standard methodology (framework model) is needed 
to improve the prevailing briefing process within the construction industry (Juaim and 
Hassanain, 2011). Therefore, it is recommended that a proper framework model (such as 
the IDEF0 (Integration Definition for Functional Modeling) model proposed by (Juaim, 
2010)) should be adopted by project brief developers to facilitate  and improve the 
briefing process in  Saudi Arabia. 
6.4.5 BMS Supplier Selection  
It is recommended that a selection model (such as the AHP and ANP decision making 
model) should be used to support the selection process of the BMS suppliers (Ho et al., 
2010). In this study the authors indicated that AHP model is an effective tool that can 
support the decision makers in meeting the challenging task of the supplier selection. 
6.4.6 BMS Subcontractors Selection  
Hydeman (2004), Hillebrand (2007) stated that the quality of the installing the building 
management system by subcontractors is more important than the systems itself. 
Therefore, it is recommended that a formal pre-qualification process coupled with an 
owner directed selection process should be used in the selection process of the 
contractors. Using such type of selection process allows for an appropriate evaluation of, 
experience, qualification and commitment, resulting in the selection of what will ideally 
be the best subcontractor (Ehrlich and Goldschmidt, 2008).  
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6.4.7 Initial Training, Involvement of BMS Personnel in the Testing and 
Commissioning    
It is recommended that the BMS personnel should be trained in the operation and 
maintenance of all the controls devices, instruments and (BMS) computer equipment by a 
qualified control and instrument technician certificated by the automatic controls 
specialist. For office buildings, a minimum of two days for up to ten personnel are the 
fundamental requirements for BMS initial training.  BMS trained personnel should be of 
different technical levels, capacities and roles including technicians, building operators 
and maintenance engineers, and facilities management level. The training days should be 
carried out in isolation and it may take in one day per week over a two week period or 
other arrangements to suit BMS as personnel. All necessary reference and training 
manuals should be provided for BMS personnel as part of the training courses (Horwitz-
Bennett, 2009).The initial training courses should be planned to be completed prior to test 
and commissioning of the BMS systems on site, after that BMS personnel must involve 
the test and commissioning processes, so that upon completion, BMS personnel are fully 
conversant with the (BMS) operation and maintenance procedure (Sam,2010). 
6.4.8  Continuous Training  
It is recommended that BMS personnel should receive appropriate ongoing training when 
it is required. There are a number of reasons why an ongoing training is necessary, such 
as turnover of operations personnel, adding new features or function to the system, 
extension of the system goals, and systems optimization (Petze,1996). 
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6.4.9 Plans and Specifications of BMS 
It is recommended that BMS plans and specifications should embrace applicable code, 
documentation, warranty, quality, operational, and installation requirements. The project 
plans must present physical requirements such as device locations, quantities, and 
execution requirements. Database parameters and the sequences of operation must be 
presented either on the plans or in the specifications (Cosiol, 2001;Al Katranji, 2012). 
6.4.10 Inadequate Re-commissioning of BMS 
It is recommended that at least once annual re-commissioning for BMS should be carried 
out by specialists in the field of BMS. Adequate BMS re-commissioning is one of the 
most important factors that necessary to ensure their effective performance over time 
(Piper, 2004;  Zeitoon, 2011; Abdul-Waris, 2012). 
6.4.11 Certified and Trained BMS Operators 
It is recommended to develop a two years BMS operation and maintenance Diploma 
program within the technology or community colleges. The curriculum of such a program 
should include multiple field of BMS operation and maintenance activates with prime 
focus on the requirements of BMS commissioning and re-commissioning (Abdul-Waris, 
2012). 
6.4.12 Technical Documentation 
It is recommended that the contractors should be required by the contract documents to 
provide a greater degree of accuracy in the technical documentation of the project, 
including "as-built" and the manual for the BMS, or, a client should assign the 
responsibility to the design team to modify construction documents—plans and 
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specifications— through  reflecting the condition of the building “as-built” and adding 
BMS manuals (Bourassa and Johson, 2007; Yaseen,2012).  
 
 
6.5 Directions for Further Research 
 
The energy savings generated by BMS re-commissioning are easy to benchmark, 
measure, correct, verify, and guarantee that adequate BMS re-commissioning is one of 
the most important factor that is necessary to ensure their effective performance over 
time. Due to this reasons, there is a need to conduct more research for benchmarking, 
measuring and correcting the re-commissioning practice of BMS in Saudi Arabia. 
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Investigation of the Challenges that Influence the Successful 
Implementation of Building Management Systems during the 
Design, Installation, Operation and Maintenance Stages 
through Interviews 
 
 
 
 
 
 
 
 
THE INTERVIEWS QUISTIONS: 
 
Questions for the A/E firms: BMS Designer: 
 
1. What is your scope of practice at the A/E firm? 
 
2. Would you please provide me with a step by step description of your current BMS 
design practice?  
 
3. From your daily practice, identify all the parties that participate in the BMS 
design? And what is the role of each one? 
 
4. From your daily practice, do you think the following challenges could affect the 
successful implementation of the BMS during the design and briefing stages? 
 
 
Challenges Yes No Why? 
Lack of clients' involvement in 
the briefing process. 
   
Lack of end user's 
involvement in the briefing 
process. 
   
Unfamiliarity of the brief 
developer's with the technical 
requirements of BMS. 
   
Insufficient technical 
experience of the client with 
the BMS 
   
The main objective of this phase of the research is: 
 To finalize the list of the challenges that influences the successful 
implementation of building management systems.       
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Poor communication between 
the client and the brief 
developer. 
   
Absence of commissioning 
practices during the briefing 
process.  
   
Inadequate selection of the 
A/E firm 
   
Absence of commissioning  
practices during the design 
process 
   
Provision of sub-optimal 
requirements of the BMS. 
   
Inappropriate selection of the 
BMS  
   
Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
   
 
 
 
5. From your daily practice, what are the other challenges faced during the 
implementation of BMS during the design process? 
 
6.  In your opinion what is the best remedies for those challenges? 
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Questions for the construction firms (contractors):  
 
 
1. What is your scope of practice at the construction firm? 
 
2. Would you please provide me with a step by step description of your current BMS 
installation practice?  
 
3. From your daily practice, identify all the parties that participate in the BMS 
construction? And what is the role of each one? 
 
4. From your daily practice, do you think the following challenges could affect the 
successful implementation of the BMS during the installation, acceptance, and 
warranty stages? 
 
 
 
Challenges Yes No Why? 
Provision of incomplete 
specification of the BMS.  
   
Absence of alternative design 
proposals provided by the 
BMS contractors.  
   
Inadequate selection of 
subcontractors to install the 
BMS. 
   
Inappropriate selection of 
BMS suppliers.  
   
Improper selection of the 
commissioning agent. 
   
Frequent change orders due to 
client's demands.   
   
Consultant’s supervisors may 
not possess collective 
experience about BMS 
   
Inadequate reviewing of BMS 
submittals and shop drawing 
provided by subcontractors. 
   
 
Lack of involvement of the 
commissioning agent during 
the installation, acceptance, 
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and warranty process of the 
BMS. 
Lack of coordination and 
collaboration among the 
project team members. 
   
 
 
 
5. From your daily practice, what are the other challenges faced during the 
implementation of the BMS during the installation, acceptance, and warranty 
process? 
 
6.  In your opinion what are the best remedies for those challenges? 
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Questions for the facility managers: 
  
1. Would you please provide me with a step by step description of your current BMS 
operation and maintenance practice?  
 
2. From your daily practice, identify all parties that participate in the BMS operation 
and maintenance? And what is the role of each one? 
 
3. From your daily practice, do you think the following challenges could affect 
successful implementation of BMS during the operation and maintenance stages? 
 
 
 
Challenges Yes No Why? 
Inadequate initial  training for 
BMS facility personals   
   
Lack of  continued training 
for  BMS facility personals      
   
Lack of adequate technical 
documentation  
   
Poor usability of BMS user 
interface   
   
Insufficient staffing of BMS 
personnel  
   
Lack of adequate BMS retro-
commissioning  
   
Inadequate re-commissioning 
of BMS 
   
Lack of service and technical 
support after installation by 
supplies 
   
Inadequate operations and 
maintenance activities. 
   
Lack of certified and trained 
BMS operators 
   
 
 
4. From your daily practice, what are the other challenges faced during the 
implementation of the BMS during the operation and maintenance stages? 
 
5. In your opinion what are the best remedies for those challenges? 
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ﻢﯿﺣﺮﻟا ﻦﻤﺣﺮﻟا ﷲ ﻢﺴﺑ 
 
 
 
 
 
King Fahd University of Petroleum and Minerals 
College of Environmental Design 
Architectural Engineering Department 
Date: September 1, 2012 
Dear Sir, 
Subject: Study of the Challenges Affecting the Implementation of Building Management 
Systems in Office Buildings in Saudi Arabia  
"Building Management Systems (BMS) (also called Building Automation Systems or 
(BAS)) are used in buildings for automatic monitoring and control of services such as 
lighting, plumbing, fire services, heating and air conditioning systems"(Mustafa and Bansal, 2002). 
They can be considered a vital tool in the hands of building operations personnel to 
provide more effective and efficient control over all building systems.  
In this study, the researcher aims to investigate and assess the significance of the 
challenges that influence the implementation of BMS during the life cycle (including 
design, installation, operation and maintenance stages) of the office building. The 
attached questionnaire with this letter consists of three sections. Section one includes 
general information about the respondents. Section two includes a description of office 
buildings equipped with BMS. Section three includes the assessment of the challenges 
affecting the implementation of building management systems during the design and 
briefing stages only.  
Your input to this questionnaire is valuable and hopefully will lead to a better 
understanding of these challenges. Any information gained through this questionnaire 
will stringently be used for educational purposes. 
Please return this questionnaire once filled to the following address: 
Mr. Ameen Mabrook Bin Mohanna 
Architectural Engineering Department 
King Fahd University of Petroleum and Minerals 
Dhahran Saudi Arabia 
E-mail: Ameenmabrook@gmail.com      Mobile: 0535101975 
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ﻢﯿﺣﺮﻟا ﻦﻤﺣﺮﻟا ﷲ ﻢﺴﺑ 
 
 
 
 
 
King Fahd University of Petroleum and Minerals 
College of Environmental Design 
Architectural Engineering Department 
Date: September 1, 2012 
Dear Sir, 
Subject: Study of the Challenges Affecting the Implementation of Building Management 
Systems in Office Buildings in Saudi Arabia  
"Building Management Systems (BMS) (also called Building Automation Systems or 
(BAS)) are used in buildings for automatic monitoring and control of services such as 
lighting, plumbing, fire services, heating and air conditioning systems"(Mustafa and Bansal, 2002).  
They can be considered a vital tool in the hands of building operations personnel to 
provide more effective and efficient control over all building systems.  
In this study, the researcher aims to investigate and assess the significance of the 
challenges that influence the implementation of BMS during the life cycle (including 
design, installation, operation and maintenance stages) of the office building. The 
attached questionnaire with this letter consists of three sections. Section one includes 
general information about the respondents. Section two includes a description of office 
buildings equipped with BMS. Section three includes the assessment of the challenges 
affecting the implementation of building management systems during the installation, 
acceptance, and warranty stages only.  
Your input to this questionnaire is valuable and hopefully will lead to a better 
understanding of these challenges. Any information gained through this questionnaire 
will stringently be used for educational purposes. 
Please return this questionnaire once filled to the following address: 
Mr. Ameen Mabrook Bin Mohanna 
Architectural Engineering Department 
King Fahd University of Petroleum and Minerals 
Dhahran Saudi Arabia 
E-mail: Ameenmabrook@gmail.com      Mobile: 0535101975 
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ﻢﯿﺣﺮﻟا ﻦﻤﺣﺮﻟا ﷲ ﻢﺴﺑ 
 
 
 
 
 
King Fahd University of Petroleum and Minerals 
College of Environmental Design 
Architectural Engineering Department 
Date: September 1, 2012 
Dear Sir, 
Subject: Study of the Challenges Affecting the Implementation of Building Management 
Systems in Office Buildings in Saudi Arabia  
"Building Management Systems (BMS) (also called Building Automation Systems or 
(BAS)) are used in buildings for automatic monitoring and control of services such as 
lighting, plumbing, fire services, heating and air conditioning systems" (Mustafa and Bansal, 2002).  
They can be considered a vital tool in the hands of building operations personnel to 
provide more effective and efficient control over all building systems.  
In this study, the researcher aims to investigate and assess the significance of the 
challenges that influence the implementation of BMS during the life cycle (including 
design, installation, operation and maintenance stages) of the office building. The 
attached questionnaire with this letter consists of two sections. Section one includes 
general information about the respondents. Section two includes the assessment of the 
challenges affecting the implementation of building management systems during the 
operation and maintenance stages only.  
Your input to this questionnaire is valuable and hopefully will lead to a better 
understanding of these challenges. Any information gained through this questionnaire 
will stringently be used for educational purposes. 
Please return this questionnaire once filled to the following address: 
Mr. Ameen Mabrook Bin Mohanna 
Architectural Engineering Department 
King Fahd University of Petroleum and Minerals 
Dhahran Saudi Arabia 
E-mail: Ameenmabrook@gmail.com    Mobile: 0535101975 
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QUESTIONNAIRE 
A/E Firms (designers) Questionnaire   
Section One: General Information 
 
1) Respondent Information (Optional): 
Name   
Office or Company Name  
Telephone no  
Facsimile  
E-Mail Address  
Office or Company 
Address 
 
 
 
2) Respondent position: 
Project Manager  
Architectural Engineer  
Electrical Engineer  
Plumbing Engineer  
Others (please specified)  ………………………….  
3) The Experience Years : 
Less than 5 years  5-10 years  
10-20 years  Over 20 years  
 
 
4) Please list below the office buildings that your firm has designed the BMS* for: 
Building 
Name 
Is the 
building 
constructed 
Construction year Building   address 
 
  Yes 
  No 
  
 
  Yes 
  No 
  
   Yes 
  No 
  
 
 
  Yes 
  No 
  
 
 
 BMS that control or monitor at least four subsystems.  * 
150 
 
Section Two of Challenges that Influence the Successful Implementation 
of BMS during the Briefing and Design Stages: 
Please rate the degree of importance of each of the following challenges by selecting one 
of the following evaluation scales: 
"Extreme effect (1), Strong effect (2), Moderate effect (3), Slight effect (4), Does not 
effect (5)." 
 
Challenges influencing the successful 
implementation of BMS during the 
briefing and design stages 
1 2 3 4 5 
 
1 
Lack of clients' involvement in the briefing process         
 
2 
Lack of end-user' involvement in the briefing process      
 
3 
Unfamiliarity of the briefing developer with the technical 
requirements of BMS      
4 Insufficient technical experience of the client with the BMS      
5 Absence of commissioning practices during the briefing process      
6 Poor communication between the client and the brief developer      
 
7 
Provision for sub-optimal requirements of the BMS      
 
8 
Inappropriate selection of the A/E team      
9 Lack of sub-contractor's involvement in the design of the BMS as "a design-assist"      
10 Absence of commissioning practices during the design process      
11 Inappropriate selection of the BMS      
12 Others (please specified)..............      
13 Others (please specified)..............      
14 Others (please specified)..............      
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QUESTIONNAIRE 
Construction Firms (contractors) Questionnaire    
Section One: General Information 
 
1) Respondent Information (Optional): 
Name   
Office or Company Name  
Telephone no  
Facsimile  
E-Mail Address  
Office or Company 
Address 
 
 
2) Respondent position: 
Project Manager  
Architectural Engineer  
Electrical Engineer  
Others (please specified)  ………………………….  
3) The Experience Years : 
Less than 5 years  5-10 years  
10-20 years  Over 20 years  
 
 
 
4) Please list below the office buildings that your firm has constructed the BMS* for: 
Building 
Name 
Is the 
building 
Designed 
In KSA 
The 
construction 
completed in 
(year) 
Building   address 
   Yes 
  No 
  
   Yes 
  No 
  
   Yes 
  No 
  
 
 
 BMS that control or monitor at least four subsystems.  * 
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Section Two: Evaluation of Challenges that influence the Successful 
Implementation of BMS during the Installation, Acceptance, and 
Warranty Stages: 
Please rate the degree of importance of each of the following challenges by selecting one 
of the following evaluation scales: 
"Extreme effect (1), Strong effect (2), Moderate effect (3), Slight effect (4), Does not 
effect (5)." 
 
Challenges influencing the successful 
implementation of BMS during the 
installation,   acceptance, and warranty 
stages 
1 2 3 4 5 
 
1 Inappropriate selection of subcontractors to install the BMS      
2 Inappropriate selection of BMS suppliers       
4 Inadequate review of the BMS submittals and shop drawing provided by the subcontractors      
3 Frequent change orders due to client's demands        
 
5 Provision of incomplete plans and specifications of the BMS      
6 Absence of alternative design proposals provided by the BMS contractors      
7 Lack of involvement of the commissioning agent during the installation, acceptance and warranty processes of the BMS      
8 Improper selection of the commissioning agent      
9 Lack of end user involvement during the commissioning practices      
10 Consultant’s supervisors may not possess collective experience about BMS installation      
11 Lack of coordination and collaboration among the project team members      
12 Others (please specified)..............      
13 Others (please specified)..............      
14 Others (please specified)..............      
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QUESTIONNAIRE 
Facility managers Questionnaire    
Section One: General Information 
 
1) Respondent Information (Optional):  
Name   
Office or Company Name  
Telephone no  
Facsimile  
E-Mail Address  
Building Address  
 
2) Respondent position: 
Facility Manager  
Maintenance Department Manager   
Others (please specified)  ………………………….  
3) The Experience Years: 
Less than 5 years  5-10 years  
10-20 years  Over 20 years  
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Section Two: Evaluation of challenges that Influence the Successful 
Implementation of BMS during the Operation and Maintenance Stages: 
  
Please rate the degree of importance of each of the following challenges by selecting one 
of the following evaluation scales: 
"Extreme effect (1), Strong effect (2), Moderate effect (3), Slight effect (4), Does not 
effect (5)." 
 
Challenges influencing the successful 
implementation of BMS during the 
operation and maintenance stage 
1 2 3 4 5 
1 
Inadequate initial training for the BMS facility personnel      
2 
Lack of continued training for the BMS facility personnel         
3 
Lack of adequate technical documentations provided by 
contractors and suppliers 
     
4 
Insufficient staffing for the BMS operation      
5 
Poor usability of the BMS user interface       
6 
Lack of service and technical support after installation by 
suppliers 
     
7 
Poor operations and maintenance activities         
8 
Lack of adequate BMS retro-commissioning      
9 
Inadequate re-commissioning of BMS           
10 
Lack of certified and trained BMS operators      
11 Others (please specified)..............      
12 Others (please specified)..............      
13 Others (please specified)..............      
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 ﺑﺴﻢ ﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﯿﻢ
 
 
 
 ﺟﺎﻣﻌﺔ اﻟﻤﻠﻚ ﻓﮭﺪ ﻟﻠﺒﺘﺮول واﻟﻤﻌﺎدن
 ﻛﻠﯿﺔ ﺗﺼﺎﻣﯿﻢ اﻟﺒﯿﺌﺔ
 ﻗﺴﻢ اﻟﮭﻨﺪﺳﺔ اﻟﻤﻌﻤﺎرﯾﺔ
 ۲۱۰۲ﺳﺒﺘﻤﺒﺮ  ۱ :اﻟﺘﺎرﯾﺦ
 ،ﻋﺰﯾﺰي اﻟﻤﺴﺘﺠﯿﺐ
 
دراﺳﺔ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮه ﻋﻠﻰ ﺗﻄﺒﯿﻖ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ﻓﻲ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ ﻓﻲ : اﻟﻤﻮﺿﻮع
 . اﻟﻤﻠﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ
 
ﺗﺴﺘﺨﺪم ﻓﻲ اﻟﻤﺒﺎﻧﻲ ﻟﻐﺮض ﻣﯿﻜﻨﺔ ( وھﻲ اﯾﻀﺎ ﺗﻌﺮف ﺑـ ﻣﻨﻈﻮﻣﺔ ﻣﯿﻜﻨﺔ اﻟﻤﺒﻨﻰ)  ﻈﻮﻣﺔ إدارة اﻟﺒﻨﻰﻣﻨ"
، ﻣﻨﻈﻮﻣﺔ اﻟﻤﯿﺎة، اﻟﺘﺤﻜﻢ واﻟﻤﺮاﻗﺒﺔ ﻟﻤﻨﻈﻮﻣﺎت اﻟﺨﺪﻣﺎت اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﻤﺒﻨﻰ ﻣﺜﻞ ﻣﻨﻈﻮﻣﺔ اﻹﻧﺎرة
ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ﺗﻌﺘﺒﺮ . )2002 ,lasnaB dna afatsuM("ﻣﻨﻈﻮﻣﺔ اﻟﺤﺮﯾﻖ واﯾﻀﺎ ﻣﻨﻈﻮﻣﺔ ﺗﻜﯿﻒ وﺗﺪﻓﺌﺔ اﻟﻤﺒﻨﻰ
إداة ﺣﯿﻮﯾﺔ ﻓﻲ ﯾﺪ ﻣﺸﻐﻠﻲ اﻟﻤﺒﻨﻰ واﻟﺘﻰ ﺗﻮﻓﺮ ﻟﮭﻢ ﺗﺤﻜﻢ وﻣﺮاﻗﺒﺔ وﻓﻌﺎﻟﺔ وﻋﻤﻠﯿﺔ ﻟﻤﺨﺘﻠﻒ اﻻﻧﻈﻤﺔ 
 .    اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﻤﺒﻨﻰ
ﯾﮭﺪف اﻟﺒﺎﺣﺚ ﻣﻦ ھﺬه اﻟﺪراﺳﺔ إﻟﻰ ﺗﺤﺪﯾﺪ وﺗﻘﯿﻢ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ ﺗﻄﺒﯿﻖ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ 
اﻹﺳﺘﺒﯿﺎن . اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ( واﻟﺘﺮﻛﯿﺐ واﻟﺘﺸﻐﯿﻞ واﻟﺼﯿﺎﻧﺔ، ﻣﺘﻀﻤﺔ ﻣﺮﺣﻞ اﻟﺘﺼﻤﯿﻢ)ﺧﻼل دورة ﺣﯿﺎة
ﻣﺔ ﻋﻦ اﻟﻤﺴﺘﺠﯿﺐ اﻟﺠﺰء اﻷول ﯾﺘﻀﻤﻦ ﻣﻌﻠﻮﻣﺎت ﻋﺎ. اﻟﻤﺮﻓﻖ ﺑﮭﺬا اﻟﺨﻄﺎب ﯾﺘﻜﻮن ﻣﻦ ﺛﻼﺛﮫ اﺟﺰاء
اﻟﺠﺰء اﻟﺜﺎﻟﺚ ﯾﺘﻀﻤﻦ .اﻟﺠﺰء اﻟﺜﺎﻧﻲ ﯾﺘﻀﻤﻦ وﺻﻒ ﻟﻠﻤﺒﺎﻧﻲ اﻟﻤﻜﺘﺒﯿﺔ اﻟﻤﺠﮭﺰه  ﺑﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ .
 . اﻟﺒﺮﻣﺠﺔ واﻟﺘﺼﻤﯿﻢ ﻓﻘﻂﺟﺪول ﺗﻘﯿﻢ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ ﺗﻄﺒﯿﻖ اﻟﻤﺒﻨﻰ ﺧﻼل ﻣﺮﺣﻠﺔ 
ان ھﺬه اﻟﻤﺸﺎرﻛﺔ  ﻣﺆﻛﺪﯾﻦ ﻟﻜﻢ. ﻣﺸﺎرﻛﺘﻢ ﻓﻲ ھﺬا اﻹﺳﺘﺒﯿﺎن ﺳﻮف ﯾﻜﻮن ﻟﮭﺎ دور ﻓﻲ إﺛﺮاء ھﺬا اﻟﺒﺤﺚ
 .ﻟﻦ ﺗﺴﺘﺨﺪم إﻻ ﻷﻏﺮاض ﺗﻌﻠﯿﻤﯿﺔ ﻓﻘﻂ
   
 :ﺑﻌﺪ اﻹﻧﺘﮭﺎء ﻣﻦ  ﺗﻌﺒﺌﺔ ھﺬه اﻹﺳﺘﺒﺎﻧﺔ ﯾﺮﺟﺎء أرﺳﺎﻟﮭﺎ ﻋﻠﻰ اﻟﻌﻨﻮان اﻟﺘﺎﻟﻲ
 أﻣﯿﻦ ﻣﺒﺮوك ﺑﻦ ﻣﮭﻨﺎ
 ﻗﺴﻢ اﻟﮭﻨﺪﺳﺔ اﻟﻤﻌﻤﺎرﯾﺔ 
 ﺟﺎﻣﻌﺔ اﻟﻤﻠﻚ ﻓﮭﺪ ﻟﻠﺒﺘﺮول واﻟﻤﻌﺎدن
 اﻟﻈﮭﺮان 
 اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ
 moc.liamg@koorbamneema: اﻟﺒﺮﯾﺪ اﻹﻟﻜﺘﺮوﻧﻲ
 ٥۷۹۱۰۱٥۳٥۰: ﺟﻮال
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 ﺑﺴﻢ ﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﯿﻢ
 
 
 
 ﺟﺎﻣﻌﺔ اﻟﻤﻠﻚ ﻓﮭﺪ ﻟﻠﺒﺘﺮول واﻟﻤﻌﺎدن
 ﻛﻠﯿﺔ ﺗﺼﺎﻣﯿﻢ اﻟﺒﯿﺌﺔ
 ﻗﺴﻢ اﻟﮭﻨﺪﺳﺔ اﻟﻤﻌﻤﺎرﯾﺔ
 ۲۱۰۲ﺳﺒﺘﻤﺒﺮ  ۱ :اﻟﺘﺎرﯾﺦ
 ،ﻋﺰﯾﺰي اﻟﻤﺴﺘﺠﯿﺐ
 
ﻋﻠﻰ ﺗﻄﺒﯿﻖ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ﻓﻲ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ ﻓﻲ دراﺳﺔ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮه : اﻟﻤﻮﺿﻮع
 . اﻟﻤﻠﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ
 
ﺗﺴﺘﺨﺪم ﻓﻲ اﻟﻤﺒﺎﻧﻲ ﻟﻐﺮض ﻣﯿﻜﻨﺔ ( وھﻲ اﯾﻀﺎ ﺗﻌﺮف ﺑـ ﻣﻨﻈﻮﻣﺔ ﻣﯿﻜﻨﺔ اﻟﻤﺒﻨﻰ)  ﻣﻨﻈﻮﻣﺔ إدارة اﻟﺒﻨﻰ"
، ﻣﻨﻈﻮﻣﺔ اﻟﻤﯿﺎة، اﻟﺘﺤﻜﻢ واﻟﻤﺮاﻗﺒﺔ ﻟﻤﻨﻈﻮﻣﺎت اﻟﺨﺪﻣﺎت اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﻤﺒﻨﻰ ﻣﺜﻞ ﻣﻨﻈﻮﻣﺔ اﻹﻧﺎرة
ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ  .)2002 ,lasnaB dna afatsuM( ''ﻣﻨﻈﻮﻣﺔ اﻟﺤﺮﯾﻖ واﯾﻀﺎ ﻣﻨﻈﻮﻣﺔ ﺗﻜﯿﻒ وﺗﺪﻓﺌﺔ اﻟﻤﺒﻨﻰ
ﻐﻠﻲ اﻟﻤﺒﻨﻰ واﻟﺘﻰ ﺗﻮﻓﺮ ﻟﮭﻢ ﺗﺤﻜﻢ وﻣﺮاﻗﺒﺔ وﻓﻌﺎﻟﺔ وﻋﻤﻠﯿﺔ ﻟﻤﺨﺘﻠﻒ اﻻﻧﻈﻤﺔ ﺗﻌﺘﺒﺮ إداة ﺣﯿﻮﯾﺔ ﻓﻲ ﯾﺪ ﻣﺸ
 .    اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﻤﺒﻨﻰ
ﯾﮭﺪف اﻟﺒﺎﺣﺚ ﻣﻦ ھﺬه اﻟﺪراﺳﺔ إﻟﻰ ﺗﺤﺪﯾﺪ وﺗﻘﯿﻢ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ ﺗﻄﺒﯿﻖ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ 
اﻹﺳﺘﺒﯿﺎن . دارﯾﺔاﻟﻤﺒﺎﻧﻲ اﻹ( واﻟﺘﺮﻛﯿﺐ واﻟﺘﺸﻐﯿﻞ واﻟﺼﯿﺎﻧﺔ، ﻣﺘﻀﻤﺔ ﻣﺮﺣﻞ اﻟﺘﺼﻤﯿﻢ)ﺧﻼل دورة ﺣﯿﺎة
اﻟﺠﺰء اﻷول ﯾﺘﻀﻤﻦ ﻣﻌﻠﻮﻣﺎت ﻋﺎﻣﺔ ﻋﻦ اﻟﻤﺴﺘﺠﯿﺐ . اﻟﻤﺮﻓﻖ ﺑﮭﺬا اﻟﺨﻄﺎب ﯾﺘﻜﻮن ﻣﻦ ﺛﻼﺛﮫ اﺟﺰاء
اﻟﺠﺰء اﻟﺜﺎﻟﺚ ﯾﺘﻀﻤﻦ .اﻟﺠﺰء اﻟﺜﺎﻧﻲ ﯾﺘﻀﻤﻦ وﺻﻒ ﻟﻠﻤﺒﺎﻧﻲ اﻟﻤﻜﺘﺒﯿﺔ اﻟﻤﺠﮭﺰه  ﺑﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ .
 .ﻟﻘﺒﻮل واﻟﻀﻤﺎن ﻓﻘﻂا،اﻟﺘﺮﻛﯿﺐﺟﺪول ﺗﻘﯿﻢ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ ﺗﻄﺒﯿﻖ اﻟﻤﺒﻨﻰ ﺧﻼل ﻣﺮﺣﻠﺔ 
ﻣﺆﻛﺪﯾﻦ ﻟﻜﻢ ان ھﺬه اﻟﻤﺸﺎرﻛﺔ . ﻣﺸﺎرﻛﺘﻢ ﻓﻲ ھﺬا اﻹﺳﺘﺒﯿﺎن ﺳﻮف ﯾﻜﻮن ﻟﮭﺎ دور ﻓﻲ إﺛﺮاء ھﺬا اﻟﺒﺤﺚ
 .ﻟﻦ ﺗﺴﺘﺨﺪم إﻻ ﻷﻏﺮاض ﺗﻌﻠﯿﻤﯿﺔ ﻓﻘﻂ
   
 :ﺑﻌﺪ اﻹﻧﺘﮭﺎء ﻣﻦ  ﺗﻌﺒﺌﺔ ھﺬه اﻹﺳﺘﺒﺎﻧﺔ ﯾﺮﺟﺎء أرﺳﺎﻟﮭﺎ ﻋﻠﻰ اﻟﻌﻨﻮان اﻟﺘﺎﻟﻲ
 أﻣﯿﻦ ﻣﺒﺮوك ﺑﻦ ﻣﮭﻨﺎ
  ﻗﺴﻢ اﻟﮭﻨﺪﺳﺔ اﻟﻤﻌﻤﺎرﯾﺔ
 ﺟﺎﻣﻌﺔ اﻟﻤﻠﻚ ﻓﮭﺪ ﻟﻠﺒﺘﺮول واﻟﻤﻌﺎدن
 اﻟﻈﮭﺮان 
 اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ
 moc.liamg@koorbamneema: اﻟﺒﺮﯾﺪ اﻹﻟﻜﺘﺮوﻧﻲ
 ٥۷۹۱۰۱٥۳٥۰: ﺟﻮال
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 ﺑﺴﻢ ﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﯿﻢ
 
 
 
 ﺟﺎﻣﻌﺔ اﻟﻤﻠﻚ ﻓﮭﺪ ﻟﻠﺒﺘﺮول واﻟﻤﻌﺎدن
 ﻛﻠﯿﺔ ﺗﺼﺎﻣﯿﻢ اﻟﺒﯿﺌﺔ
 اﻟﮭﻨﺪﺳﺔ اﻟﻤﻌﻤﺎرﯾﺔ ﻗﺴﻢ
 ۲۱۰۲ﺳﺒﺘﻤﺒﺮ  ۱ :اﻟﺘﺎرﯾﺦ
 ،ﻋﺰﯾﺰي اﻟﻤﺴﺘﺠﯿﺐ
 
دراﺳﺔ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮه ﻋﻠﻰ ﺗﻄﺒﯿﻖ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ﻓﻲ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ ﻓﻲ : اﻟﻤﻮﺿﻮع
 . اﻟﻤﻠﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ
 
ﯿﻜﻨﺔ ﺗﺴﺘﺨﺪم ﻓﻲ اﻟﻤﺒﺎﻧﻲ ﻟﻐﺮض ﻣ( وھﻲ اﯾﻀﺎ ﺗﻌﺮف ﺑـ ﻣﻨﻈﻮﻣﺔ ﻣﯿﻜﻨﺔ اﻟﻤﺒﻨﻰ)  ﻣﻨﻈﻮﻣﺔ إدارة اﻟﺒﻨﻰ"
، ﻣﻨﻈﻮﻣﺔ اﻟﻤﯿﺎة، اﻟﺘﺤﻜﻢ واﻟﻤﺮاﻗﺒﺔ ﻟﻤﻨﻈﻮﻣﺎت اﻟﺨﺪﻣﺎت اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﻤﺒﻨﻰ ﻣﺜﻞ ﻣﻨﻈﻮﻣﺔ اﻹﻧﺎرة
ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ﺗﻌﺘﺒﺮ . )2002 ,lasnaB dna afatsuM("ﻣﻨﻈﻮﻣﺔ اﻟﺤﺮﯾﻖ واﯾﻀﺎ ﻣﻨﻈﻮﻣﺔ ﺗﻜﯿﻒ وﺗﺪﻓﺌﺔ اﻟﻤﺒﻨﻰ
إداة ﺣﯿﻮﯾﺔ ﻓﻲ ﯾﺪ ﻣﺸﻐﻠﻲ اﻟﻤﺒﻨﻰ واﻟﺘﻰ ﺗﻮﻓﺮ ﻟﮭﻢ ﺗﺤﻜﻢ وﻣﺮاﻗﺒﺔ وﻓﻌﺎﻟﺔ وﻋﻤﻠﯿﺔ ﻟﻤﺨﺘﻠﻒ اﻻﻧﻈﻤﺔ 
 .    اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﻤﺒﻨﻰ
ﺔ إدارة اﻟﻤﺒﻨﻰ ﯾﮭﺪف اﻟﺒﺎﺣﺚ ﻣﻦ ھﺬه اﻟﺪراﺳﺔ إﻟﻰ ﺗﺤﺪﯾﺪ وﺗﻘﯿﻢ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ ﺗﻄﺒﯿﻖ ﻣﻨﻈﻮﻣ
اﻹﺳﺘﺒﯿﺎن . اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ( واﻟﺘﺮﻛﯿﺐ واﻟﺘﺸﻐﯿﻞ واﻟﺼﯿﺎﻧﺔ، ﻣﺘﻀﻤﺔ ﻣﺮﺣﻞ اﻟﺘﺼﻤﯿﻢ)ﺧﻼل دورة ﺣﯿﺎة
اﻟﺠﺰء اﻷول ﯾﺘﻀﻤﻦ ﻣﻌﻠﻮﻣﺎت ﻋﺎﻣﺔ ﻋﻦ اﻟﻤﺴﺘﺠﯿﺐ واﻟﺠﺰء . اﻟﻤﺮﻓﻖ ﺑﮭﺬا اﻟﺨﻄﺎب ﯾﺘﻜﻮن ﻣﻦ ﺟﺰﺋﯿﻦ
 . اﻟﺼﯿﺎﻧﺔ واﻟﺘﺸﻐﯿﻞ ﻓﻘﻂﻠﺔ اﻟﺜﺎﻧﻲ ﯾﺘﻀﻤﻦ ﺟﺪول ﺗﻘﯿﻢ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ ﺗﻄﺒﯿﻖ اﻟﻤﺒﻨﻰ ﺧﻼل ﻣﺮﺣ
ﻣﺆﻛﺪﯾﻦ ﻟﻜﻢ ان ھﺬه اﻟﻤﺸﺎرﻛﺔ . ﻣﺸﺎرﻛﺘﻢ ﻓﻲ ھﺬا اﻹﺳﺘﺒﯿﺎن ﺳﻮف ﯾﻜﻮن ﻟﮭﺎ دور ﻓﻲ إﺛﺮاء ھﺬا اﻟﺒﺤﺚ
 .ﻟﻦ ﺗﺴﺘﺨﺪم إﻻ ﻷﻏﺮاض ﺗﻌﻠﯿﻤﯿﺔ ﻓﻘﻂ
   
 :ﺑﻌﺪ اﻹﻧﺘﮭﺎء ﻣﻦ  ﺗﻌﺒﺌﺔ ھﺬه اﻹﺳﺘﺒﺎﻧﺔ ﯾﺮﺟﺎء أرﺳﺎﻟﮭﺎ ﻋﻠﻰ اﻟﻌﻨﻮان اﻟﺘﺎﻟﻲ
 أﻣﯿﻦ ﻣﺒﺮوك ﺑﻦ ﻣﮭﻨﺎ
 ﻤﻌﻤﺎرﯾﺔ ﻗﺴﻢ اﻟﮭﻨﺪﺳﺔ اﻟ
 ﺟﺎﻣﻌﺔ اﻟﻤﻠﻚ ﻓﮭﺪ ﻟﻠﺒﺘﺮول واﻟﻤﻌﺎدن
 اﻟﻈﮭﺮان 
 اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ
 moc.liamg@koorbamneema: اﻟﺒﺮﯾﺪ اﻹﻟﻜﺘﺮوﻧﻲ
 ٥۷۹۱۰۱٥۳٥۰: ﺟﻮال
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 اﻻﺳﺘﺒﯿﺎن
  (اﻟﻤﺼﻤﻤﯿﯿﻦ)اﺳﺘﺒﯿﺎن ﻣﻜﺎﺗﺐ اﻟﮭﻨﺪﺳﯿﺔ اﻟﻤﻌﻤﺎرﯾﺔ 
 ت ﻋﺎﻣﺔﻣﻌﻠﻮﻣﺎ: اﻟﺠﺰء اﻷول
 (أﺧﺘﯿﺎري) ﻣﻌﻠﻮﻣﺎت ﻋﻦ اﻟﻤﺴﺘﺠﯿﺐ -۱
 
 اﻟﻤﺴﺘﻮى اﻟﻮظﯿﻔﻲ -۲
 اﻟﻤﺴﻤﻰ 
 ﻣﺪﯾﺮ ﻣﺸﺮوع 
 ﻣﮭﻨﺪس ﻣﻌﻤﺎري 
 ﻣﮭﻨﺪس ﻛﮭﺮﺑﺎﺋﻲ 
 ﻣﮭﻨﺪس ﺻﺤﻲ 
 ﻣﺴﻤﻰ آﺧﺮ)ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ(.................................................................... 
 ﺳﻨﻮات اﻟﺨﺒﺮه -۳
 ﺳﻨﻮات ٥أﻗﻞ ﻣﻦ   ٥-۰۱ ﺳﻨﻮات 
 ۰۱-۰۲ ﺳﻨﺔ  أﻛﺜﺮ ﻣﻦ ۰۲ ﺳﻨﺔ 
 
واﻟﺘﻰ  *( SMB()ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ) ﯾﺮﺟﻰ ﺳﺮد اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ اﻟﻤﺠﮭﺰة ﺑـ  -٤
 :ﻗﺎﻣﺖ ﺷﺮﻛﺘﻢ أو ﻣﻜﺘﺒﻜﻢ اﻟﮭﻨﺪﺳﻲ ﺑﺘﺼﻤﯿﻤﯿﮭﺎ
ﺳﻨﺔ إﻛﺘﻤﺎل  ﻋﻨﻮان اﻟﻤﺒﻨﻰ
 اﻟﺘﺸﯿﺪ
  ھﻞ ﺗﻢ ﺗﺸﯿﺪ اﻟﻤﺒﻨﻰ
 اﺳﻢ اﻟﻤﺒﻨﻰ
 
 ﻧﻌﻢ   
 ﻻ  
 
 ﻧﻌﻢ    
 ﻻ  
 
 
 
 ﻧﻌﻢ   
 ﻻ  
 
 
 اﻷﺳﻢ  
 أﺳﻢ اﻟﺸﺮﻛﮫ أو اﻟﻤﻜﺘﺐ 
 رﻗﻢ اﻟﮭﺎﺗﻒ 
 رﻗﻢ اﻟﻔﺎﻛﺲ 
 اﻟﺒﺮﯾﺪ اﻷﻟﻜﺘﺮوﻧﻲ 
 ﻋﻨﻮان اﻟﺸﺮﻛﺔ أو اﻟﻤﻜﺘﺐ 
 *SMB ﺗﺘﺤﻜﻢ او ﺗﺮاﻗﺐ ﻋﻠﻰ اﻻﻗﻞ أرﺑﻌﺔ اﻧﻈﻤﺔ ﻓﺮﻋﯿﺔ  
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( SMB)ﺗﻘﯿﯿﻢ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ اﻟﺘﻄﺒﯿﻖ اﻟﻨﺎﺟﺢ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ :  اﻟﺜﺎﻧﻲاﻟﺠـــــــﺰء 
 .اﻟﺒﺮﻣﺠﺔ واﻟﺘﺼﻤﯿﻢ ﻟﻤﺸﺎرﯾﻊ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔﺧﻼل ﻣﺮﺣﻠﺔ 
 :رﺟﺔ أھﻣﯾﺔ ﻛل ﻣﻌوق ﻣن اﻟﻣﻌوﻗﺎت أدﻧﺎه ﺑﺈﺳﺗﺧدام أﺣد اﻟﻣﻘﺎﯾﯾس اﻟﺗﺎﻟﯾﮫاﻟرﺟﺎء ﺗﺣدﯾد د
 (٥)ﻻ ﯾوﺟد ﺗﺄﺛﯾر ( ٤)ﺛﺄﺛﯾر ﺧﻔﯾف، ( ۳)ﺗﺄﺛﯾر ﻣﺗوﺳط، (۲)ﺗﺄﺛﯾر ﻗوي ، (۱)ﺗﺄﺛﯾر ﻗوي ﺟدا 
  
اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ اﻟﺘﻄﺒﯿﻖ اﻟﻨﺎﺟﺢ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ  ﺧﻼل 
 ٥ ٤ ۳ ۲ ۱ .ارﯾﺔﻟﻤﺸﺎرﯾﻊ اﻟﻤﺒﺎﻧﻲ اﻹداﻟﺒﺮﻣﺠﺔ واﻟﺘﺼﻤﯿﻢ ﻣﺮﺣﻠﺔ 
 ﻗﺼﻮر ﻓﻲ ﻣﺸﺎرﻛﺔ اﻟﻤﺎﻟﻚ ﺑﺠﺪﯾﺔ ﻓﻲ ﻋﻤﻠﯿﺔ اﻟﺒﺮﻣﺠﺔ اﻟﻤﻌﻤﺎرﯾﺔ  ۱
 .ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ
     
 ﻗﺼﻮر ﻓﻲ ﻣﺸﺎرﻛﺔ اﻟﻤﺴﺘﺨﺪم اﻟﻨﮭﺎﺋﻲ ﻓﻲ ﻋﻤﻠﯿﺔ اﻟﺒﺮﻣﺠﺔ اﻟﻤﻌﻤﺎرﯾﺔ     ۲
 .ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ
    
 إدارة  ﻋﺪم إﻟﻤﺎم ﻣﻌﺪ اﻟﺒﺮﻧﺎﻣﺞ اﻟﻤﻌﻤﺎري ﺑﺎﻟﻤﺘﻄﻠﺒﺎت اﻟﺘﻘﻨﯿﺔ ﻟﻤﻨﻈﻮﻣﺔ ۳
 .اﻟﻤﺒﻨﻰ
     
 ﻗﺼﻮر ﻓﻲ ﻣﺴﺘﻮى اﻟﺨﺒﺮة اﻟﺘﻘﻨﯿﺔ ﻟﻠﻤﺎﻟﻚ  ﻓﯿﻤﺎ ﯾﺨﺺ ﻣﻨﻈﻮﻣﺔ إدارة  ٤
 .اﻟﻤﺒﻨﻰ
     
      .ﻏﯿﺎب ﻣﻤﺎرﺳﺎت اﻟﺘﻜﻠﯿﻒ اﺛﻨﺎء ﻋﻤﻠﯿﺔ إﻋﺪاد اﻟﺒﺮﻧﺎﻣﺞ اﻟﻤﻌﻤﺎري ٥
 ﻣﺜﻼ ﺑﺴﺒﺐ ) ﺿﻌﻒ اﻟﺘﻮاﺻﻞ ﺑﯿﻦ ﻣﻌﺪ اﻟﺒﺮﻧﺎﻣﺞ اﻟﻤﻌﻤﺎري واﻟﻤﺎﻟﻚ  ٦
 (. اﺳﺘﺨﺪام ﻣﺼﻄﻠﺤﺎت ﻣﺨﺘﻠﻔﺔ
     
      . ﺗﻮﻓﯿﺮ ﻣﺘﻄﻠﺒﺎت ﻏﯿﺮ ﻣﻼﺋﻤﺔ  ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ۷
      (.اﻟﻤﺼﻤﻤﯿﯿﻦ) اﺧﺘﯿﺎر ﻏﯿﺮ ﻣﻼﺋﻢ  ﻟﻤﻜﺘﺐ اﻟﮭﻨﺪﺳﺔ اﻟﻤﻌﻤﺎرﯾﺔ  ۸
 (.ﻛﻤﺴﺎﻋﺪ ﻓﻲ اﻟﺘﺼﻤﯿﻢ ﻓﻘﻂ)  ﻗﺼﻮر ﻓﻲ ﻣﺸﺎرﻛﺔ اﻟﻤﻘﺎول ﻓﻲ ﻋﻤﻠﯿﺔ ﺗﺼﻤﯿﻢ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ     ۹
    
      .ﻤﯿﻢ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰﻏﯿﺎب ﻣﻤﺎرﺳﺎت اﻟﺘﻜﻠﯿﻒ اﺛﻨﺎء ﻋﻤﻠﯿﺔ ﺗﺼ ۰۱
      .اﺧﺘﯿﺎر ﻏﯿﺮ ﻣﻼﺋﻢ  ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ  ۱۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ۳۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ٤۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ٥۱
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 اﻷﺳﺘﺒﯿﺎن
  (اﻟﻤﻘﺎوﻟﯿﻦ )أﺳﺘﺒﯿﺎن ﺷﺮﻛﺎت اﻹﻧﺸﺎءات 
 ﻣﻌﻠﻮﻣﺎت ﻋﺎﻣﺔ: اﻟﺠﺰء اﻷول
 (أﺧﺘﯿﺎري)ﻣﻌﻠﻮﻣﺎت ﻋﻦ اﻟﻤﺴﺘﺠﯿﺐ  -۱
 
 اﻟﻤﺴﺘﻮى اﻟﻮظﯿﻔﻲ -۲
 اﻟﻤﺴﻤﻰ 
 ﻣﺪﯾﺮ ﻣﺸﺮوع 
 ﻣﮭﻨﺪس ﻣﻌﻤﺎري 
 ﻣﮭﻨﺪس ﻛﮭﺮﺑﺎﺋﻲ 
 ﻣﮭﻨﺪس ﺻﺤﻲ 
 ﻣﺴﻤﻰ آﺧﺮ)ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ(.................................................................... 
 ﺳﻨﻮات اﻟﺨﺒﺮه -۳
 ﺳﻨﻮات ٥أﻗﻞ ﻣﻦ   ٥-۰۱ ﺳﻨﻮات 
 ۰۱-۰۲ ﺳﻨﺔ  أﻛﺜﺮ ﻣﻦ ۰۲ ﺳﻨﺔ 
 
 
واﻟﺘﻰ  * (SMB()ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ) اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ اﻟﻤﺠﮭﺰة ﺑـ ﯾﺮﺟﻰ ﺳﺮد  -٤
 :ﻗﺎﻣﺖ ﺷﺮﻛﺘﻢ او ﻣﺆؤﺳﺴﺘﻜﻢ ﺑﺘﻨﻔﯿﺬھﺎ
ﺳﻨﺔ إﻛﺘﻤﺎل  ﻋﻨﻮان اﻟﻤﺒﻨﻰ
 اﻟﺘﺸﯿﺪ
ھﻞ ﺗﻢ ﺗﺼﻤﯿﻢ 
 اﻟﻤﺒﻨﻰ ﻓﻲ اﻟﻤﻤﻠﻜﺔ
 
 اﺳﻢ اﻟﻤﺒﻨﻰ
 
 ﻧﻌﻢ   
 ﻻ  
 
 
 ﻧﻌﻢ   
 ﻻ  
 
 
 
 ﻧﻌﻢ   
 ﻻ  
 
 اﻷﺳﻢ  
 أﺳﻢ اﻟﺸﺮﻛﮫ أو اﻟﻤﻜﺘﺐ 
 رﻗﻢ اﻟﮭﺎﺗﻒ 
 رﻗﻢ اﻟﻔﺎﻛﺲ 
 اﻟﺒﺮﯾﺪ اﻷﻟﻜﺘﺮوﻧﻲ 
 ﻋﻨﻮان اﻟﺸﺮﻛﺔ أو اﻟﻤﻜﺘﺐ 
 *SMB ﺗﺘﺤﻜﻢ او ﺗﺮاﻗﺐ ﻋﻠﻰ اﻻﻗﻞ أرﺑﻌﺔ اﻧﻈﻤﺔ ﻓﺮﻋﯿﺔ  
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( SMB)ﻟﻤﺆﺛﺮة ﻋﻠﻰ اﻟﺘﻄﺒﯿﻖ اﻟﻨﺎﺟﺢ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ﺗﻘﯿﯿﻢ اﻟﻤﻌﻮﻗﺎت ا:  اﻟﺜﺎﻧﻲاﻟﺠـــــــﺰء 
 .اﻟﻘﺒﻮل و اﻟﻀﻤﺎن ﻟﻤﺸﺎرﯾﻊ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔ،اﻟﺘﺮﻛﯿﺐ ﺧﻼل 
 :اﻟرﺟﺎء ﺗﺣدﯾد درﺟﺔ أھﻣﯾﺔ ﻛل ﻣﻌوق ﻣن اﻟﻣﻌوﻗﺎت أداه ﺑﺈﺳﺗﺧدام أﺣد اﻟﻣﻘﺎﯾﯾس اﻟﺗﺎﻟﯾﮫ
 (٥)ﯾوﺟد ﺗﺄﺛﯾر  ﻻ( ٤)ﺛﺄﺛﯾر ﺧﻔﯾف، ( ۳)ﺗﺄﺛﯾر ﻣﺗوﺳط، (۲)ﺗﺄﺛﯾر ﻗوي ، (۱)ﺗﺄﺛﯾر ﻗوي ﺟدا 
 
اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ اﻟﺘﻄﺒﯿﻖ اﻟﻨﺎﺟﺢ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ  ﺧﻼل 
 ٥ ٤ ۳ ۲ ۱ .ﻟﻤﺸﺎرﯾﻊ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔاﻟﻘﺒﻮل و اﻟﻀﻤﺎن ،اﻟﺘﺮﻛﯿﺐ ﻣﺮﺣﻠﺔ 
 اﻻﺧﺘﯿﺎر اﻟﻐﯿﺮ ﻣﻼﺋﻢ ﻟﻠﻤﻘﺎوﻟﯿﻦ ﻣﻦ اﻟﺒﺎطﻦ ﻟﺘﺮﻛﯿﺐ ﻣﻨﻈﻮﻣﺔ إدارة  ۱
 .اﻟﻤﺒﻨﻰ
     
      .ﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰاﻻﺧﺘﯿﺎر اﻟﻐﯿﺮ ﻣﻨﺎﺳﺐ ﻟﻤﻮردي ﻣ ۲
 اﻟﻤﺮاﺟﻌﺔ ﻏﯿﺮ اﻟﻜﺎﻓﯿﺔ ﻟﻄﻠﺒﺎت اﻹﻋﺘﻤﺎد واﻟﻤﺨﻄﻄﺎت اﻟﺘﻨﻔﯿﺬﯾﺔ اﻟﻤﻘﺪﻣﺔ  ۳
 .ﻣﻦ ﻗﺒﻞ اﻟﻤﻘﺎوﻟﯿﻦ ﺑﺎﻟﺒﺎطﻦ
    
      .ﺣﺪوت أواﻣﺮ اﻟﺘﻐﯿﺮ ﺑﺸﻜﻞ ﻣﺘﻜﺮر ﺑﺴﺒﺐ ﻣﺘﻄﻠﺒﺎت اﻟﻤﺎﻟﻚ ٤
      .ﺗﻮﻓﯿﺮ ﻣﻮاﺻﻔﺎت وﻣﺨﻄﻄﺎت ﻏﯿﺮ ﻣﻜﺘﻤﻠﺔ  ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ٥
      .اﻟﺘﺼﺎﻣﯿﻢ اﻟﺒﺪﯾﻠﺔ اﻟﻤﻘﺪﻣﺔ ﻣﻦ ﺟﮭﺔ اﻟﻤﻘﺎولﻏﯿﺒﺎب  ٦
 اﻟﻘﺒﻮل ،ﻗﺼﻮر ﻓﻲ ﻣﺸﺎرﻛﺔ ﻣﺘﻌﮭﺪ اﻟﺘﻜﻠﯿﻒ ﻓﻲ ﻋﻤﻠﯿﺔ اﻟﺘﺮﻛﯿﺐ ۷
 .واﻟﻀﻤﺎن ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ
     
      .اﻻﺧﺘﯿﺎر اﻟﻐﯿﺮ اﻟﻤﻨﺎﺳﺐ ﻟﻤﺘﻌﮭﺪ اﻟﺘﻜﻠﯿﻒ ۸
 
 ۹
 ﻗﺼﻮر ﻓﻲ ﺧﺒﺮة ﻣﺸﺮﻓﻲ اﻻﺳﺘﺸﺎري ﻓﯿﻤﺎ ﯾﺘﻌﻠﻖ ﺑﺘﺮﻛﯿﺐ ﻣﻨﻈﻮﻣﺔ 
 .إدارة اﻟﻤﺒﻨﻰ
     
      .ﻗﺼﻮر ﻓﻲ اﻟﺘﻨﺴﯿﻖ واﻟﺘﻌﺎون ﺑﯿﻦ أﻋﻀﺎء ﻓﺮﯾﻖ اﻟﻤﺸﺮوع ۰۱
      .ﻗﺼﻮر ﻓﻲ ﻣﺸﺎرﻛﺔ اﻟﻤﺴﺘﺨﺪﻣﯿﻦ اﻟﻨﮭﺎﺋﯿﻦ ﺧﻼل ﻣﻤﺎرﺳﺎت اﻟﺘﻜﻠﯿﻒ ۱۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ۲۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ۳۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ٤۱
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 اﻻﺳﺘﺒﯿﺎن
 إﺳﺘﺒﯿﺎن ﻣﺪﯾﺮي اﻟﻤﻨﺸﺂت اﻹدارﯾﺔ 
 ﻣﻌﻠﻮﻣﺎت ﻋﺎﻣﺔ: اﻟﺠﺰء اﻷول
 (أﺧﺘﯿﺎري)ﻣﻌﻠﻮﻣﺎت ﻋﻦ اﻟﻤﺴﺘﺠﯿﺐ -۱
 
 اﻟﻤﺴﺘﻮى اﻟﻮظﯿﻔﻲ -۲
 اﻟﻤﺴﻤﻰ 
 ﻣﺪﯾﺮ ﻣﺒﻨﻰ 
 ﻣﺪﯾﺮ اﻟﺼﯿﺎﻧﺔ 
 ﻣﺴﻤﻰ آﺧﺮ)ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ(.................................................................... 
 
 ﺳﻨﻮات اﻟﺨﺒﺮه -۳
 ﺳﻨﻮات ٥أﻗﻞ ﻣﻦ   ٥-۰۱ ﺳﻨﻮات 
 ۰۱-۰۲ ﺳﻨﺔ  أﻛﺜﺮ ﻣﻦ ۰۲ ﺳﻨﺔ 
 
 
 
 
 
 
 
 
 اﻻﺳﻢ  
 اﺳﻢ اﻟﻤﺒﻨﻰ 
 رﻗﻢ اﻟﮭﺎﺗﻒ 
 رﻗﻢ اﻟﻔﺎﻛﺲ 
 ﻜﺘﺮوﻧﻲاﻟﺒﺮﯾﺪ اﻷﻟ 
 ﻋﻨﻮان اﻟﻤﺒﻨﻰ 
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 ( SMB)ﺗﻘﯿﯿﻢ اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ اﻟﺘﻄﺒﯿﻖ اﻟﻨﺎﺟﺢ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ :  ـــﺰء اﻟﺜﺎﻧﻲاﻟﺠــــ
 .ﺘﺸﻐﯿﻞ واﻟﺼﯿﺎﻧﺔ  ﻟﻤﺸﺎرﯾﻊ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔﺧﻼل ﻣﺮﺣﻠﺔ اﻟ
 :اﻟرﺟﺎء ﺗﺣدﯾد درﺟﺔ أھﻣﯾﺔ ﻛل ﻣﻌوق ﻣن اﻟﻣﻌوﻗﺎت أدﻧﺎه ﺑﺈﺳﺗﺧدام أﺣد اﻟﻣﻘﺎﯾﯾس اﻟﺗﺎﻟﯾﮫ
 (٥)ﻻ ﯾوﺟد ﺗﺄﺛﯾر ( ٤)ﺛﺄﺛﯾر ﺧﻔﯾف، ( ۳)ﺛﯾر ﻣﺗوﺳطﺗﺄ، (۲)ﺗﺄﺛﯾر ﻗوي ، (۱)ﺗﺄﺛﯾر ﻗوي ﺟدا 
  
اﻟﻤﻌﻮﻗﺎت اﻟﻤﺆﺛﺮة ﻋﻠﻰ اﻟﺘﻄﺒﯿﻖ اﻟﻨﺎﺟﺢ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ  ﺧﻼل 
 ٥ ٤ ۳ ۲ ۱ .ﻟﻤﺸﺎرﯾﻊ اﻟﻤﺒﺎﻧﻲ اﻹدارﯾﺔاﻟﺘﺸﻐﯿﻞ واﻟﺼﯿﺎﻧﺔ ﻣﺮﺣﻠﺔ 
      . ﻋﺪم ﺣﺼﻮل ﻣﻮظﻔﻲ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ﻋﻠﻰ اﻟﺘﺪرﯾﺐ اﻷوﻟﻲ اﻟﻜﺎﻓﻲ ۱
 ﯾﺐ اﻟﻤﺴﺘﻤﺮ  ﻟﻤﻮظﻔﻲ اﻟﻤﺮاﻓﻖ ﻓﯿﻤﺎ ﯾﺨﺺ ﻣﻨﻈﻮﻣﺔ ﻗﺼﻮر ﻓﻲ اﻟﺘﺪر ۲
 .   إدارة اﻟﻤﺒﻨﻰ
     
 دﻟﯿﻞ اﻟﺘﺸﻐﯿﻞ ، ﻣﺜﻞ اﻟﻤﺨﻄﻄﺎت اﻟﻤﻨﻔﺬة  ﻓﻌﻠﯿﺎ) ﻗﺼﻮر اﻟﻮﺛﺎﺋﻖ اﻟﺘﻘﻨﯿﺔ  ۳
 ..(.  واﻟﺼﯿﺎﻧﺔ
     
      .ﺿﻌﻒ ﻗﺎﺑﻠﯿﺔ اﻻﺳﺘﺨﺪام ﻟﻮاﺟﮭﺔ ﻣﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ٤
 ﺔ ﻣﻨﻈﻮﻣﺔ إدارة وﺟﻮد ﻋﺪد ﻏﯿﺮ ﻛﺎف ﻣﻦ اﻟﻤﻮظﻔﯿﻦ ﻟﺘﺸﻐﯿﻞ وﺻﯿﺎﻧ ٥
 (.ﻣﺜﻼ ﻏﯿﺎب ﻣﻮظﻒ اﻻداء اﻟﺒﯿﺌﻲ) اﻟﻤﺒﻨﻰ
     
 
 ٦
 ﻗﺼﻮر ﻓﻲ ﻋﻤﻠﯿﺔ إﻋﺎدة اﻟﺘﺼﻤﯿﻢ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ اﻟﺘﻰ ﻟﻢ ﺗﺤﻈﻰ 
 .ﺑﻌﻤﻠﯿﺔ اﻟﺘﻜﻠﯿﻒ ﻣﺴﺒﻘﺎ
     
      .ﻋﺪم ﻛﻔﺎﯾﺔ ﻋﻤﻠﯿﺔ إﻋﺎدة اﻟﺘﻜﻠﯿﻒ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ۷
      . رة اﻟﻤﺒﻨﻰﻗﺼﻮر ﻓﻲ ﻓﻌﺎﻟﯿﺎت ﺗﺸﻐﯿﻞ وﺻﯿﺎﻧﺔ ﻣﻨﻈﻮﻣﺔ إدا ۸
      .ﻋﺪم ﺗﻮاﻓﺮ اﻟﺨﺪﻣﺎت واﻟﺪﻋﻢ اﻟﻔﻨﻲ ﻣﻦ ﺟﺎﻧﺐ اﻟﻤﻮردﯾﻦ ﺑﻌﺪ اﻟﺘﺮﻛﯿﺐ ۹
      . ﻗﺼﻮر ﻓﻲ ﺗﻮﻓﺮ اﻟﻤﺸﻐﻠﯿﻦ اﻟﻤﺪرﺑﯿﯿﻦ واﻟﺆھﻠﯿﻦ ﻟﻤﻨﻈﻮﻣﺔ إدارة اﻟﻤﺒﻨﻰ ۰۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ۱۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ۲۱
      ............................................ (ﯾﺮﺟﻰ اﻟﺘﺤﺪﯾﺪ)أﺧﺮى  ۳۱
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ﻢﯿﺣﺮﻟا ﻦﻤﺣﺮﻟا ﷲ ﻢﺴﺑ 
 
 
 
 
 
King Fahd University of Petroleum and Minerals 
College of Environmental Design 
Architectural Engineering Department 
Date: September 1, 2012 
Dear Sir, 
Subject: Study of the Challenges Affecting the Implementation of Building Management 
Systems in Office Buildings in Saudi Arabia  
"Building Management Systems (BMS) (also called Building Automation Systems or 
(BAS)) are used in buildings for automatic monitoring and control of services such as 
lighting, plumbing, fire services, heating and air conditioning systems"(Mustafa and Bansal, 2002).  
They can be considered a vital tool in the hands of building operations personnel to 
provide more effective and efficient control over all building systems.  
In this study, the researcher aims to investigate and assess the significance of the 
challenges that influence the implementation of BMS during the life cycle (including 
design, installation, operation and maintenance stages) of the office building. The 
attached questionnaire with this letter consists of two sections. Section one includes 
general information about the respondents. Section two includes the assessment of the 
challenges affecting the implementation of building management systems. 
Your input to this questionnaire is valuable and hopefully will lead to a better 
understanding of these challenges. Any information gained through this questionnaire 
will stringently be used for educational purposes. 
Please return this questionnaire once filled to the following address: 
Mr. Ameen Mabrook Bin Mohanna 
Architectural Engineering Department 
King Fahd University of Petroleum and Minerals 
Dhahran  
Saudi Arabia 
E-mail: Ameenmabrook@gmail.com  Mobile: 053510197 
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PAIRWAISE QUESTIONNAIRE 
Section One: General Information 
1) Respondent Information: 
Name (Optional)  
Office or Company Name  
Telephone no  
Facsimile  
E-Mail Address  
Office or Company 
Address 
 
 
2) The Experience Years (VERY IMPORTANT): 
Less than 5 years  5-10 years  
10-20 years  Over 20 years  
 
3) Respondent position: 
Project Manager  
Architectural Engineer  
Electrical Engineer  
Facility Manager  
Others ………………………….  
 
Section Two: Evaluation of Challenges that Influence the Successful 
Implementation of BMS during design, briefing phases: 
 
Please determine the effect of the challenges pertaining to the phases of BMS 
implementation (namely (briefing and design phases), (installation, acceptance, and 
warranty phases), and (operation and maintenance phases)). The impact of each challenge 
on the overall decision is based on a scale of 1 to 9. The following table explains the 
meaning of each point on the scale. 
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challenges 9 7 5 3 1 3 5 7 9 challenges 
A   √       B      √    C 
B      √    C 
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Your input to this questionnaire will lead to a better understanding of the challenges that 
influence the Successful Implementation of BMS. 
Phases Influencing the Successful Implementation of BMS 
  
Main Categories  
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Main Categories  
9 7 5 3 1 3 5 7 9 
Which one of these challenges has more effect? 
Challenges pertaining to 
the design and briefing 
phases 
         Challenges pertaining to the 
installation,    acceptance, 
and warranty phases 
         Challenges pertaining to the 
operation and Maintenance 
Challenges pertaining to 
the installation,    
acceptance, and warranty 
phases 
         Challenges pertaining to the 
operation and Maintenance 
 
 
Challenges Influencing the Successful Implementation of BMS during 
Design and briefing Stages  
Challenges pertaining to the design and briefing phases 
Challenges 
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Challenges 
9 7 5 3 1 3 5 7 9 
Which one of these challenges has more Effect? 
Lack of clients' involvement 
in the briefing process. 
 
         Lack of end-user' 
involvement in the briefing 
process. 
         Unfamiliarity of the brief 
developer's with the 
technical requirements of 
BMS. 
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         Insufficient technical 
experience of the client with 
the BMS. 
         Absence of commissioning 
practices during the briefing 
process. 
         Poor communication 
between the client and the 
brief developer  
 
         Provision of sub-optimal 
requirements of BMS. 
         Inappropriate selection of 
the A/E team 
         Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
 
         Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lack of end-user' 
involvement in the briefing 
process. 
 
         Unfamiliarity of the brief 
developer's with the 
technical requirements of 
BMS. 
 
         Insufficient technical 
experience of the client with 
the BMS. 
 
         Absence of commissioning 
practices during the briefing 
process. 
         Poor communication 
between the client and the 
brief developer. 
         Provision of sub-optimal 
requirements of BMS. 
         Inappropriate selection of 
the A/E team 
         Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
 
         Absence of commissioning 
practices during the design 
process 
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         Inappropriate selection of 
the BMS 
 
Unfamiliarity of the brief 
developer's with the 
technical requirements of 
BMS. 
 
 
 
 
 
 
 
 
 
 
 
 
         Insufficient technical 
experience of the client with 
the BMS. 
 
         Absence of commissioning 
practices during the briefing 
process. 
         Poor communication 
between the client and the 
brief developer. 
         Provision of sub-optimal 
requirements of BMS. 
         Inappropriate selection of 
the A/E team 
         Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
         Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
 
 
 
Insufficient technical 
experience of the client with 
the BMS. 
 
         Absence of commissioning 
practices during the briefing 
process. 
         Poor communication 
between the client and the 
brief developer. 
         Provision of sub-optimal 
requirements of BMS. 
         Inappropriate selection of 
the A/E team 
         Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
         Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
 
 
 
 
 
 
Absence of commissioning 
practices during the briefing 
process. 
 
         Poor communication 
between the client and the 
brief developer. 
         Provision of sub-optimal 
requirements of BMS. 
         Inappropriate selection of 
the A/E team 
         Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
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         Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
Poor communication 
between the client and the 
brief developer. 
 
         Provision of sub-optimal 
requirements of BMS. 
         Inappropriate selection of 
the A/E team 
         Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
         Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
 
 
 
 
 
Provision of sub-optimal 
requirements of BMS. 
 
         Inappropriate selection of 
the A/E team 
         Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
 
         Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
 
 
 
 
Inappropriate selection of 
the A/E team 
         Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
         Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
 
 
 
Lack of sub-contractor's 
involvement in the design of 
BMS as "a design-assist". 
 
         Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
Absence of commissioning 
practices during the design 
process 
         Inappropriate selection of 
the BMS 
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Challenges Influencing the Successful Implementation of BMS during 
installation, acceptance, and warranty phases 
Challenges pertaining to the installation,    acceptance, and warranty phases 
Challenges 
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Challenges 
9 7 5 3 1 3 5 7 9 
Which one of these challenges has more Effect? 
Inappropriate selection of 
subcontractors to install 
the BMS. 
         Inappropriate selection of 
BMS suppliers. 
         Inadequate review of BMS 
submittals and shop drawing 
provided by subcontractors. 
         Frequent change orders due 
to client's demands. 
         Provision of incomplete 
plans and specifications of 
the BMS. 
         Absence of alternative design 
proposals provided by BMS 
contractors. 
         Lack of involvement of the 
commissioning agent during 
installation, acceptance, and 
warranty process of the BMS. 
         Improper selection of the 
commissioning agent. 
         Consultant’s supervisors may 
not possess collective 
experience about BMS 
installation. 
         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of end user involvement 
during commissioning 
practices 
Inappropriate selection of 
BMS suppliers. 
 
         Inadequate review of the 
BMS submittals and shop 
drawing provided by 
subcontractors. 
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         Frequent change orders due 
to client's demands. 
         Provision of incomplete 
plans and specifications of 
the BMS. 
         Absence of alternative design 
proposals provided by BMS 
contractors. 
         Lack of involvement of the 
commissioning agent during 
installation, acceptance, and 
warranty process of the BMS. 
         Improper selection of the 
commissioning agent. 
         Consultant’s supervisors may 
not possess collective 
experience about BMS 
installation 
         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of end user involvement 
during commissioning 
practices 
Inadequate review of  the 
BMS submittals and shop 
drawing provided by 
subcontractors. 
 
         Frequent change orders due 
to client's demands. 
         Provision of incomplete 
plans and specifications of 
the BMS. 
         Absence of alternative design 
proposals provided by BMS 
contractors. 
         Lack of involvement of the 
commissioning agent during 
installation, acceptance, and 
warranty process of the BMS. 
         Improper selection of the 
commissioning agent. 
         Consultant’s supervisors may 
not possess collective 
experience about BMS 
installation. 
         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of end user involvement 
during commissioning 
practices 
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Frequent change orders 
due to client's demands. 
 
         Provision of incomplete 
plans and specifications of 
the BMS. 
         Absence of alternative design 
proposals provided by BMS 
contractors. 
         Lack of involvement of the 
commissioning agent during 
installation, acceptance, and 
warranty process of the BMS. 
         Improper selection of the 
commissioning agent. 
         Consultant’s supervisors may 
not possess collective 
experience about BMS 
installation. 
         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of end user involvement 
during commissioning 
practices 
Provision of incomplete 
plans and specifications of 
the BMS. 
 
         Absence of alternative design 
proposals provided by BMS 
contractors. 
         Lack of involvement of the 
commissioning agent during 
installation, acceptance, and 
warranty process of the BMS. 
         Improper selection of the 
commissioning agent. 
         Consultant’s supervisors may 
not possess collective 
experience about BMS 
installation. 
         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of end user involvement 
during commissioning 
practices 
Absence of alternative 
design proposals provided 
by BMS contractors. 
 
         Lack of involvement of the 
commissioning agent during 
installation, acceptance, and 
warranty process of the BMS. 
         Improper selection of the 
commissioning agent. 
         Consultant’s supervisors may 
not possess collective 
experience about BMS 
installation. 
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         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of end user involvement 
during the commissioning 
practices 
Lack of involvement of 
the commissioning agent 
during installation, 
acceptance, and warranty 
process of the BMS. 
         Improper selection of the 
commissioning agent. 
         Consultant’s supervisors may 
not possess collective 
experience about BMS 
installation. 
         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of end user involvement 
during commissioning 
practices 
Improper selection of the 
commissioning agent. 
 
         Consultant’s supervisors may 
not possess collective 
experience about BMS 
installation 
         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of the end user 
involvement during 
commissioning practices 
Consultant’s supervisors 
may not possess collective 
experience about BMS 
installation. 
 
         Lack of coordination and 
collaboration among the 
project team members. 
         Lack of the end user 
involvement during 
commissioning practices 
Lack of coordination and 
collaboration among the 
project team members. 
         Lack of the end user 
involvement during 
commissioning practices 
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Challenges Influencing the Successful Implementation of BMS during 
Operation and Maintenance Phases  
Challenges pertaining to the operation and maintenance phases 
Challenges 
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Challenges 
9 7 5 3 1 3 5 7 9 
Which one of these Challenges has more Effect? 
Inadequate initial training 
for the BMS facility 
personnel. 
 
         Lack of continued training 
for the BMS facility 
personnel. 
         Lack of adequate technical 
documentations provided by 
contractors and suppliers  
         Poor usability of BMS user 
interface. 
         Insufficient staffing for the 
BMS operation 
         Lack of adequate BMS retro-
commissioning practice. 
         Inadequate re-commissioning 
of BMS. 
         Lack of  certified and trained 
BMS operators 
         Lack of service and technical 
support after installation by 
supplies. 
         Poor operations and 
maintenance activates. 
 
 
 
 
 
 
 
 
 
         Lack of adequate technical 
documentations provided by 
contractors and suppliers.  
         Poor usability of BMS user 
interface. 
 
         Insufficient staffing for the 
BMS operation. 
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Lack of continued training 
for the BMS facility 
personnel. 
 
         Lack of adequate BMS retro-
commissioning practice. 
 
         Inadequate re-commissioning 
of BMS. 
         Lack of  certified and trained 
BMS operators 
         Lack of service and technical 
support after installation by 
supplies. 
         Poor operations and 
maintenance activates. 
Lack of adequate technical 
documentation provided 
by contractors and 
suppliers. 
         Poor usability of BMS user 
interface. 
         Insufficient staffing for the 
BMS operation. 
         Lack of adequate BMS retro-
commissioning practice. 
         Inadequate re-commissioning 
of BMS. 
         Lack of  certified and trained 
BMS operators 
         Lack of service and technical 
support after installation by 
supplies. 
         Poor operations and 
maintenance activates. 
Poor usability of BMS 
user interface. 
 
         Insufficient staffing for the 
BMS operation. 
         Lack of adequate BMS retro-
commissioning practice. 
         Inadequate re-commissioning 
of BMS. 
         Lack of  certified and trained 
BMS operators 
         Lack of service and technical 
support after installation by 
supplies. 
          
Poor operations and 
maintenance activates. 
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Insufficient staffing for the 
BMS operation. 
         Lack of adequate BMS retro-
commissioning practice. 
         Inadequate re-commissioning 
of BMS. 
         Lack of  certified and trained 
BMS operators 
         Lack of service and technical 
support after installation by 
supplies. 
         Poor operations and 
maintenance activates. 
Lack of adequate BMS 
retro-commissioning 
practice. 
 
         Inadequate re-commissioning 
of BMS. 
         Lack of  certified and trained 
BMS operators 
         Lack of service and technical 
support after installation by 
supplies. 
         Poor operations and 
maintenance activates. 
Inadequate re-
commissioning of BMS. 
 
         Lack of  certified and trained 
BMS operators 
         Lack of service and technical 
support after installation by 
supplies. 
         Poor operations and 
maintenance activates. 
Lack of  certified and 
trained BMS operators 
         Lack of service and technical 
support after installation by 
supplies. 
         Poor operations and 
maintenance activates. 
Lack of service and 
technical support after 
installation by supplies. 
         Poor operations and maintenance activates. 
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